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PREFACE 


Mooznw natural science may be Bkeaed nto a crab which 
thas grovn too fat for its shell. The process of ecdynis it show 
and painful, The old shel, whic has matured and hardened 
for some three hundsed years, bas done good service. No 
‘wonder the crab is loath to part with it. But it has alceady’ 
begun to crack, and some bits have even dropped off. What 
‘ao be done ? Should the crab go on getting fat and take 
ra thought for the raiment of the morrow ?. Or should it 
resolutely face the situation, heave off the remains of the 
‘ld hell with a sigh, and sct about making a new one it 
carest ? Thereisa great dea of uncertainty about the precive 
form and texture of the futace new shell, But the evil day 
canst be delayed much longer, and if itis put off 400 Jong 
‘he process of gromh may sufler, or the whole may fall to 
pieces for lack Of suppoct 
‘The data of natural science constitute che meat, The she 
in the parable represents the general pbiksophical background 
land the theoretical basis upon which the data bave been 
systematized. Periods occur 12 the ite of every branch of 
nataral scence when revisions and stock-takings of its founda- 
tions become necessary, but in recent years changes ofa ra0ch 
mote deep-seated and consequently farreaching nature hare 
‘been in progress, involving foundational beliefs which have 
scarcely bees questioned before from the standpoint of natural 
srieace. So far this revolution appears to have bad little 
{nduorce on biology but has been conned to physics, Changes 
in the foundations of physics, however, may be expected 
sooner ar later to concem biology, and especially those now 
in progress, which involve the foundations of our knowledge 
cof nature in general. As long ago a5 1887 Huxley wrote : 
Boye dil goat vervice to seice by hia“ Scxptica Chui 
sod’ he ete sot re grocer dnp 2 Seopa 
oop ught ert aa equiilybenchcnctwafosace’ 
So lar mp { am aware such a ° Sceptical Biologist “has never 
been written, atleast in the English language, but the present 








* 
time appears to be « perticularly favourable one for carrying 
‘out Hluzley's scguestion, and the present work Isa tentative 


sitempt 0 do 30 
{t wil be desirable to explain the scope of 
the book tle 30 that « proapctve reader muy bow what 
1c wil avolve and how frit & Biel wo intereat fim, “And 
{Un important to eovpasie tbe fact tbat yoch un wrdets 
As this involves a frame of mind and e way of thinking w! 
‘is somewbat foreign, and perhaps even repugnant, Yo that 
(ropes 10 the scientic invesigator, To write u book an how 
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ey are based, but with the most general sssamptions, pre- 
suppositions, postulates, etc, which underlie them. 
Et we take sich a seintibe proposition as“ Adrenaline causes 
rise af blood-pressure" there are two directions is wbich our 
ing cam be extended. Qn the ont band we can 
peat the experiownt spd try to Getermise more precisely 
‘what happens whes adrenaline causes rise in blood-pressure, 
On the other hand we can ask ourselves sore resolutely thas. 
‘he investigator nsually needs to do what precoely we meen, 
what exactly we ausert, when ver say that adrenalin causes 
‘Arise of blood presture. Adzenaline igepoen of ws 4 chemical 
substance * and rise of Dlood-pressure is relerred t0 a8 a * pro 
com 





[Now it bappens (perhaps unfortunately if it raggests that 
ay are uneelated} that whea:we follow the fist course we 
are mid to be paring “scieace , and when we take the 
‘second we are parsaing * philosophy '. Tt happens also that 
‘peuple wha follow the one alternative are wot the people 
Tolle the other. Ie resuite that the people whe nee 


‘expected sooner or later to have anfortosate cotsequences, 


‘tle by thom.” Avd yet, to be meticuoonly exacting abort 
caren lervtin ed toveny and carl Ux thought sod 
the expreoion of thongit fa—-t0 may the last—to 9p the 
ay (ars haroth of ta Bot this Goea sem tobe te oe 
thing i are striking in this aciace than hr 

coven btmeen the abet SL, ngesany tnd cr 
tetowed upan obwervation and experiment, axd the alimoat 
compete neglect of caution in regard to the defsitvon and 
‘ue af the coucepta in terma of wine Is results axe expres. 
‘Now if we are to call be investigation of such fandsmental 
notions ax causation, et phikwophy itis important t0 
Todertand that it i only’ a part of Phikowephy. Some 
Phikwophers also employ the dats of the various Branches of 
Keaming in order to develop censtractivescherrs of thought 
about the general nature of existence and our own eaten 
ai This is by far the mowt popular mening of the word 
“pideiphy "and alvo the most popular Aled of philoso 
Consequently iis the ad of adosophy whichis most often 
meant when the term i used. Men of scence urcally take 
‘ue of two alticades towards this kind of philosophy. They 
‘other regard it with auspices 38 a bad way of dong the carne 
job us that upea which they are Cbemacives engaged, o they 
eqn it a a way of oetiling ox atleast sting ceva inter- 
{ating and important prodiems which are Beyood the scope 
(of natura scence. Those who take the latter gure often 
inake a sharp distinction between phibsophy 1d scirce— 
seeetines 40 sharp as to ezsove all poulblity of any motual 
fofvence between the two. Nothing that ‘atural scence 
Gacovers tas any inflnce oa thee hy, becase 
sence ia said 10 be "abstract" or that St only: dans with 








$04: philosophy F 
Towards philosophy is regarding it es attempting to do what 


Tale vnn in expounded lo F. H. Grnsey's appearance and Restiy. 
Leadon 1oe8 py oars. 


‘ BIOLOGICAL PRENCIPLES 


hey are doing bur by a wrong method asutlly have & coo 
‘tractive metaphysic of theis own based apoa matoral science, 
Often rather uneritially 

Between these two views (which only apply to constructive 
(oF specolative philosophy) the other kind of philosophy which 
ig moce modest in its aim (einen it oaly eis 10 be clear aboot 
‘the exact significance of the fundamental notions und methods 
oinfrace which we explo ie stenatising cur towed) 

‘docs 





{hiss to confase the symbol with what is thereby symbolized — 
‘not uncommon mistake 

It seems, then, that the * Seeptical Biologist * will not be 
able to avoid philosophy’ in its mare modest critical 
aspects, and at the same time he will be exposed to mlaumder- 
standings based upon the traditional eciemtihe distrust end 
Aialike of speculative philosophy. But, according to Professor 
‘Whitehead: “To negieet phiosophy when engaged in the 
reformation of ideas, ia to assume the absolute correctness 
‘of the chance philosophical prejudices imbibed from a nrg 
or schoolmaster or current modes of expression. Tt toenact 
the part of those wha thaxk Providence that they have been 
saved from the perplexities of eeligious inquiry by the bappi- 
sews of birth in tbe tre faith» 

‘Broadly speaking we ean now distinguish chree main periods 
a the hintory of European thought : (1) chat dominated by 
‘Asistole, which came to an end with the Renaissance ; (2) 
‘hat dominated by Descartes, which seached itt high-water 
mark in the sineteenth century : and (3) the transition period 
in which we now stand. The Sret and second periods may 
bbe dencribed as dogmatic in the sense that they bad cut and 
deed anuwert to most qUestion: ; the thicd may be called 
critical inagmech as it has not so far been dominated by any 
‘one conatructive scheme, but has chiefly been concerned with 
3 general overbaul and stocktaking of fundamental ideas, 
Those who dislike dogmatism and delight in ‘transition 
‘periods * will be glad to be alive in this new springtime of 
thought—irhen "all the wood stands in 2 mist of green and 
nothing perfect "But, as I have said, the only science which 
shun been indlamced to any extent by this change 10 far is 
Physics, Ut is in the mathematical physicist that we most 

‘The Print of Raat, Cabs, 1922.9. 





PREFACE. ’ 


htan find union of the man of science with the creat 
(hiloaopher; although by no Tears all physicists ave critical. 

i tl in that pase which, acoeding to Comte all 

pass throogh, and which be called the setaphyalcal 

‘Amang Engish bolopats the late Wiliam Batesoe 
seein 10 have come nearest to undertanding the critical 
‘iandpoint, Coasequenty the need for 8 erteal review of 
ica peincipal ditfeulties and fundamental noions i perbeps 
sreater in biology than in aay other scence. 

‘The mutual relations ofthe two great bratices of inguicy — 
‘howe of eitical philosophy fie logic and theory of kaowledge 
ox epistemology) on the coe hand, and the experimental 
{nwettgatio of nature, on the ather, a seen in the history of 
‘hyties, have been well sketched by Profesor B, Cesar in 
the following pasage 


“The working togetbac of the two paints of sine hat sivaye 





oriceetsrens ames ste ten 
Ghee See 
‘Aisdatarsal wchcrenests stead mec connexion "tk com 


Rifeetios ofa geaee cpetemstogcal ance, ‘Oauiods Dutogue 
wee Foe Sates oft Weide Sed wah senna 
St Seven eve pet fo tne rendy ae aout 





‘Srna fonee a ecu by ice he eal cei oe oes 
Siete ube tac soe ot Se consbrsocen ow the scours 





ppoatice ol” compecteamiirty Vel rate, and Hote 
Sete ein al ba Prine dey Serko 
(al, that what w ere onthe work ond mate vale the 





4 ‘BIOLOGICAL PRINCIPLES 


Thome bitigcn who admire the methads of the pyc 
‘emi woudl dowel fo coer catally the pcan 
Ste above pacage far Hay. 

Want T have ttemplrd todo ia thin tno i to give 2 
femal ete of the whe wide fed which hinted wen 
yg Soe tants unui, Commqunly 

oh boy" to pallnopiy” ls vey ama 
‘The Gera! Inyodston devote to atredoing te tos 
{ob dacianed nan amentary wey, tad to ramoving atan 
Adc which wossd bela Yo Sine lat nd cont the 
tac Past'T dais with the peal pbs ofthe theory 
{ot Kavwedge hich ar vee ic Ot interpretation of th 
Strata of ary Urnch feature wenn altmogh Tavs 
Sse excl fo grate general pnp tor tn 
pnt, To Pure {have pched out wet appear tobe the 
Ett genera end mon ep seated tie se pcan 
cl ull imowiedgea58 Tharestempeed tome the eu 
of Porto lacdate them. But tin ncrnty Yo mp that 
on hs pact te crea logit primary cnerred 
{o'duacen tal Mole! ror or fo atone Yo Scie 
Reese a fa cme fh Tat 
snp date. Hin day i simply 10 exami the loi 
Procedure and ontological aararopticas involved in them, and 
{Show bow far the tres oie fo tear to ch 
‘al cheore epeed upon och seeptons, Ties pho. 
Blew ner: thes inthe trtocngy of matra 
cence may criine the arention pac, hope thy 
tm fed wocehig of ineeatm Pat ofthis tok whch 
‘TU persuade them to devote some tenon v9 te teresting 
ta argly snexponed tegarenenta sf Cakyel tog 
inthe core of Part IT have vemored te pit forma 
some Sngetons towards 4 retain of cetan tthe fade 
Sonat bolic cotiis wha ae theve dicen, Bt my 
Feinary sot hs bea to roduc and expound snowed 
Et approach to rec quatoes—a method wish hrs nat Jot 
fronted the care a0) ttetion mong oso Tt 
Serves | Conegenty willbe a att of Ute exporance 
Sia Deca of ty contracts pagesions wich ay ere 
Be trong fowacd dt peter eapcally Yo Chapt IX) 
2 long otha pat of ew ite wick the fc thom” 
ive hve boca sypescid he be snderioos. Bet tha 


23° New," tht ato tty o fr we Kagel is entcerand, 
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can only be done it the reader is prepared to stand aside, so 
(0 speak, fram his ordinary scintibe way of thinking and 
subject it to a eritical and disintesceted examination, 

(Critiam in the comman meaning of the term may be either 
hostile of friendly. The bostile critic has an axe to grind, 
CCiticiom as here intended {@n the sease in which it was feat 
inteodaced into philosophy by Kant) is a dishiterested ex- 
amination of traditional condicts with a view to the discovery 
Of theis roots, and the removal of diffcahies created by an 
‘critical use of the notions of unretisctive thought.  Criti- 
dam of this kind is friendly in 90 far a8 it seeks to remove 
‘ficulties and not merely to pant them ont, Tt has no me 
‘to grind Decanae it doce not aim at apecalative constructive 
schemes, It deals only with foundations, leaving the smper- 
structure to ethers fn the words of Locke : ‘It is ambition 
‘enough to be eriployed as an ander laboarer in clearing ground 
llitdle,and removing some of che rubbish that lis in the way 
to knowledge." “A great dal of the discussion thut gory on in 
Diolegy arocnd the traditional controversies seems to be 
vitlated partly because it isnot taken deeply enongh, parly 
‘on account of the almost iniversal neglect of the elementary 
precaution of deSniag the romaning of the terms used. and 
partly because it soema always to be conducted from the 
standpoint of one side of the otber rather than from one of 
nevirality. These are three defects which (have tied to 
remedy in what follows. One consequence of these defects 
4 that appeal is made (o convictions instead of to reasow. In 
rmgard to the celebrated quarrel between ‘racchanists° and 
*vituists for example, it is not a Dit of mae appealing to 
natincts* and "intuitions "to reveal the shortcomings of 
‘one wide or the other. It is necessary to analyse the precise 
snarure of the strong and weak points of each fide so that we 
‘can make 4 rational judgment of their relative merits. What 
is here offered, therefore, is stady of the central problems 
and basal dificuties of the biological sciences nat from. the 
‘standpoint of one or another of the traditional theersea, but 
from that of disinterested critical reflexion, utifaing any ald 
‘that modern investigations of this kind ia other splrres may 
Deable tooier. And if, in relation toa particular controversy, 
[Thave criticised one side more than nother T would aak the 
reader to believe that this is not beesuse I wish fo fevour ane 
ide uare than another, but because one seems to be in more 
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jal examination than asother, and feom conader- 
‘tions of space it necesary {0 concentrate a. points which 
requize moot attention. 

In the search for aids to the elucidation of the dificaltics 
pecallar 10 biological thought F lve tumed madera develop: 
nents in many branches of inquiry to account—particuacly 
in lagi, theory of knowledge, and physics. Accordingly i 
thas not been posible in Pare Lf to paroue the problems dealt 
with there in any great detail. Bue T veatore to bope thet 
the method of approach bere advorated will be capable of 
much further development, and that the reader who is inter- 
cited in this aapret of biclogical inquiry will be aided and 
‘acouraged to andertake such further development. Tn this 
Connexion T would especialy draw attention 10 Ube need for & 
Ccltical analysis of Bitogical ‘with « view to teeing 
‘hem from histerkal accretions which are not in barony 
with madera knowiedge, x24 to the need tor more boldness and 
‘originality in developing new ones. 1 have devoted special 
attention to the important notion of * organization’ which 
seems to have been singularly argicted “Another tople of 
‘equal importance ix Ose ancieot otithesis between “atric. 
ture ‘and function "to the rernoval of which, as T ave tried 
to show, modern developnents appear to furnish the bay. 
“The consequences of a more detailed working out of these 
evelopments in relation (9 this and other biological problerss 
should be important and interesting. But f would point ont 
that i wil be quite imponsible property to fallow the arguments 
‘of Pare Tt if due attention is eat paid to the diftext but quite 
fondamental problems discussed ip Part 3, T rmust also state 
‘early af the outset tbat what is here offered does not profess 
{o be in any sense exhacative oc complete. Even in regard 
to some of the mont general problems which I bave singled out 
for discussion it has Sot bees ponable to do more than analyse 
sand state tbe diffcalties clearly and a0 to leave them for the 
Present. This applies with apecal emphasis to Chapters IX 
‘and X._ My feelings oo thie point are echoed in the words of 
(he peeface of another asthor: * What T have Bere in some 
measure set in order ia adjoined on all siéea by thickets 
‘abounding in monstrous doubts and difocalic, There ase 
‘cornplications which I have not foSowed ont, assumptions 
‘which T have not followed back, and afterthoughts which I 
can abvady anticipate.’ But somthing a accomplished even 








‘whea di fiealien are merely brought to light and wtated clearly, 
and if more people ar persuaded to set aboot removing sane 
of the “monstrous doubts and dliicalties* with which bio 
Togical thought abounds, the purposes of this book will have 
been accomplished, It is necessary frst to make clear to 
biologists the existence of these diticalties, and then to bring 
home to them the nacure of the intelectual weapons they art 
‘ming and, by showing them something of their origin and of 
the uses for which they were originally intended, to persuade 
them to consider more critieally ther woe and limitations in. 
the bialgiaa field, Having in this way fostered a wholescme 
spit of sexpticiom and a dissatisfaction with their" current 
trodes of abstraction "on the Dart of those interested in theo- 
retical bialogy, the desire for somthing more satisfactory will 
lead to the exploration of other possibties, and the exploita- 
‘ton of the rich potentialities of human thougst which have 
rot yet bees drawn spon. 

My indebtedzess to other authors wil be suficentty plain 
from the references given in ihe text, I have learnt most 
from the sritings of the Cambridge school of ingicians, par- 
ticalarly trom the works of Messrs. . D. Brood, W. E. Jonson, 
GE. Moore, Bertrand Rowell. and A. N. Whitehead. And of 
ese the fist and the lst have bees of mast hetp from the 
Diological point of view. Profetsor Whitehead's views are 
specialy sympathetic to a. biological application. Tam 
(Peaty indebted to Miss L. S. Stebbiag for twice reading the 
ook in manuscript from the logical standpoint, I have 

ted mach from her citichams and advice.” To Dr. E. S. 
ussell T am Udebled for teading the mansscript from the 
biological point of view and making a cumber of helphul 
‘enticisns. Similarly, Be. G. C. Robson kindly read 
Vind 1X. Acknoviedgenents rv eae to the editer of 
Progra, for permission to make use, in Chapter 1V, 
of parts of a review which has already been published in that 
joarnal. Finally, 1 am obliged to my wife and to Dr. S. 
‘Wright for belp in proot reading. 


Middlesex Hospital, Medica! School, 
March, 1929. 








J.B. WOODGER. 


“10 ansone does pot care for knowledge for its oun sake, 
then [ have nothing to say to him: only it should not be 
thought that a lack ol interest in what T have to say is any 
sgroand for holding it untrve.'—G. E. Moone. 
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GENERAL INTRODUCTION 
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fa andergoe: hat inevitable pce of wbdvi to 
Citar bean scoped Wy cherie cverpece of 
‘ lompuied by a carter 
Imthad and outed betwee the expects of i wrea 
Branches which hax traded to euapgene thelr, 
{Sat has evn led to certain tnd! fds betwen the 
{Te procasoftmpmeeationertnos, nd wah acest 
‘Detditand ntow quiets obteniogs proper soja: 
uth any pric ranch: Bet betas a beeen 
{hi prot tas bern tccmpeieg by the name of 
frovrsaioa bic have ended to he severe ah 
fio a nage whole, 0 Reto te rps proce an mat 
ten compersated bythe hip tan rnc of sul ene 
fying power, and the possibility of a unibed biology seems to 
feos more tnd more fre or rep 

“Ache tote of Cee cuts we Gnd the ferent 
uitnas of lopeal thought.” Sertae and Function, 
‘Srpanaer and Envroumen, Preiormaion and pees 
{Die tre onne ofthe acthets wich deterrune he Unt lg 
hich ico b vided n mors cae am one." Thee art 
Toreover, Ets of sewage whch cat Serpe ail. Wher, 
In the pila cence, Sax fod ech Stl cvegens 
On eines mate of pipe aha ac septate 
{hone who ren wane term fake es the expos, 
ot inechainn 7 The talon cenovecy easier ad 


" BIOLOGICAL PRINCIPLES. 


‘nerscem and shows no sign of abating. Biology bas been cleft 
by this antithesis at ll stages of its history. ‘The same argu- 
ovate are repeated DY successive generations without any 
regolution of the coufict. Each side belabours the other 
‘without—if we may jadge by the confidence with which each 
‘continues to tasert itt convictions—making any impression 
‘its opponents, 

Involved in this cantroveryy are others which bave their 
roots in the antitbeais between ° Body "and * Mind "—an anti- 
thesis which isnot a purely domestic one for biology but which 
inks it with paychology. Much help has been furnished by 
Phyuical and chemical knowledge in the investigation of 
ological problems. This aspect of biological inquiry stands 
‘a no danger of neglect. It enjoys a wide popularity to-day, 
expecially’ in view of its applications in. medicine. Fiat 
althong’s biology appears te have clear points of cantact wi 
peychalogy thie relation receives compazatively litle atten- 
(ie, Faz from paychology being congh 25 an aid and ally, 
i seems to be avoided as more likely to create difbeultes than, 
Toremove them. And yet, ia the buman orgardem at east, tbe 
spheres of physical, bisiogical, and psychological scienoe stem 
i seme way to coalesce, and the ecea! inquirer sbould not 
allow this unique cxcumstance to be set lightly aside. The 
‘origin and significance of the prevailing point of view call for 
‘is attention. 

‘But withou! going beyond the boundaries of our own science 
there are problems encagh when we try to bring the resalts 
of its main braaches together. The genaral theoretical results 
‘which bave been reached by investigntion aloog the lines of 
physiology, experimental morphology, geeetics, cytology, and 
‘he older descriptive morphology are extremely dificult to 
harmonize with one anoiber, even although, for various 
reasons, these diffcuties are tot apparent on a prima focie 
‘View. As soon as we do attempt soch » synthesis we are 
confronted with contradictions which appear to rest oa the 
fundamental biological untitheses, Instead of a unitary 
science we find something more approaching a * medley of 
‘ad hoe hypotheses. Moreover, the fundamental cleavages 
‘of opinion are reflected in the exposition of the results of chia 
department of scence according to the beliefs to which a given 
‘anther subscribes As anther will tend to give more exzphasis 
‘to thos facta which support the view he favours thar to thove 
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‘which are antageniatic. Consequently the reader of 
Jiterature ls compellad to bear this constantly in mind and zaust 
tseak to correct one exposition with another, And this pre- 
‘uppone some acquaintance with the antitheses of biological 
thought and ther comequences How is it posible to 
‘anprove upon such wn ansatistactory state of afin? Woold 
itnot be possible to take op an attitude of peatrality towards 
the traditional conficts in order to study the mature of the 
‘antitheses upon which they appeas to rest 7 If we do this we 
-may find that the roots of these antitbeses themselves do not 
‘te wholly within biology bal are to be cought elsewhere, and 
‘m that case where are we to seck them? In other words: 
‘what is to be our standpoist for such am inguity ? 





we ask ourselves what exactly we are doing as bioloints 
we may Sind some indications of how to set about ate 

‘Bese questions It wil be generally agreed that bislgits 
ae_pevarly concemed with the tavcstigation of those 
constituents of the world which we cali animals end plans 
Biology, it willbe sud, is that branch of science which deals 
ith these things.” We aze thereloce refered to someting 
‘rier, called scence, of which biology is apart. Whal, then 
cence ? The word has a diversity of meanings in one 
fense—an when we speak of this or that Scencs—it stands 
Jor a ody of knombdge : 2 systeratied body of propositions 
‘bout seme subject matter of other, ensined fa books arin 
the minds of individual asa ‘We ooght, therefore, co speak, 
tot of scence ft ofthe sciences, o,f the ft is sed in tbe 
gular, 1 would seers to bo a collective term for al the 
domoches of sceace taken together, But the word science 
is by no etn river ployed suly a geared 
tana fra eatomaand nowicge It a ait, Sed, 

‘whether it sever aed in tis sense atthe preseat day. Often 
Happens toe used not wy 2 name for omiedge about ste 
subject matter Yot as a name for a partcnar atNinde or 
activity towards anture. Not intrequendy it appears 10 be 
‘ontased with a certain eory about the nature of existence 
in geoeal—the theory more popedtyteferred to as ‘natural 
ian’, Agu, many writers ex to eestrct the term science 
9 far ust include init only such knowledge i eystomatinnd 
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‘with the aid of mathematics, in which case a great part of 
Dialogical Imowiedge would be exctnded. Bat by far the 
commonest asage 8 in its application to what is aleo called 
“autre ence the adjective “nataral egsntly beng 
‘omitied. "TE we follow this wage we shall be 

Sppation o he ers ta oop aboot nature ated of 
raking it equivalent to the whole of 
‘cour, we believe that “nature "is equivalent to all that there 
is to know, and im that case sciener, natural ecience, and 
nowledge wootd be syzonymous terms, But many people 
‘would not agree to this synonymy. They woud say that 


a 





-objeet in the same sense ax pyc oe example, dom, To 
‘kar up this diffculty we shold ebvioaalybave to dec what 
see can by “atare But foe Ue present we ace tying to Be 
Ghar about what we mean by science. Biology, ie 42, i 
"branch of scence, and scence, whatever eae i sow 
Jedge ; whether it is lo be ceganded as & part or the whole does 
Sot cern for the present. Now the poaublityseygene 
ite Dat the coats of owe Dicks antthege dnote 
‘wholly in the antae ofthe pent and are wot, there, 
Te be studied ar pert of the pabjctsatter of iclogy, Bok 
ut they arise partly out of the mature of biology iteelt as 
towleige. ‘This further suggest that by the study of 
blologal thought rors thin pata of view me might Chcow 
sorae ight upon the ature of bskgieal controversies, What, 
then, it owwiedge ? Blogs often speak of our know 
ofthis or that, but hey rarely dacune Knowledge fel. THEY 
are concerned with pang tnowbege obo! wximals ued plants 
‘They ae uterezted im sch towiedge, but not i at kn 
ledge.” They may, in fact. forget tha they ae dealing with 
‘at all, and soppom thematves {0 be dealing not 
smth nowiedge bot simply with ana nd plants Botti 
Bekarly sot the cae, otherwise what would dtinguish « 
from 3 landocape painat? The later might alsa 
aim to be Galing with animals and plants an s0'be fr 
tet not by way of Knowledge” Both re dealing with sions 
And plants but they re exarcng Siler ctivith 
biologie» activity fe proce intedeteal and its ootemne is 
Anowledge. This being andericod we ow have to ings 
‘nt is volved in bishogy as a raach of knowledge, i te 
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‘hope that such ingoiries may help us towards a better uai- 
Settion af bialogy. 


1 have rele to ¢ tence t 4 synteny of 
roporitions aboot some subject matter or other, enabrined 
in books or in the minds of individual men. This will erve 
‘a provisiooalanalyais of what is involved in knowledge, and 
‘as & startiog point for farther inquiry. We can now @ 
examine some particular instances of biclogical propositions, 
‘thea try to determine (i) how they are aystematized, and (ii) 
‘consider how they are related to minds. What the peopo- 
sitions are about we ceed not now inquire because we know 
‘that this forms the subject-matter of biclogy, but we shall 
‘bave to stady (i) the relation of propositions to this eubject= 
matter as well a5 thei relation to'mainds, Tt seems from this 
that propotitions have a double relation : on the one band 
‘to minds, and on the olher to subjel-matters. A detailed 
sludy of these questions will form the topic of Part I. For 
the present ib only necessary to pursse them a little Jarther. 
{9 The ftewingpropetins ase taken at random fem 
bialogical book 





“These wil iste same of the properties of propositions 
in'general. Something i estazed of something toe, We 
ere ha crn br eed ori éo 
lecestiate independendy) in certain 
{Guoip bot mewtran)"Theseoone he (rosenenes 
(ood reminswa tet sack amertios maken seven lee 
‘aim to be ive. Ths biology coraut in ting toe 
taserions about organiams, o¢ parts of oraniama Tt wil be 
hoticed that although expt referenon appears to be made 
{on certain place ho atch rlerence ie sade to fine, "The 
‘ropestion amerts that whenever certain objets ace {2 a 
Errtin tation 8 certain event bappens, and ik is thereoce 
iEuplses that when it happens fs a matter of iudiferenoe. in 
tense (his inal tae of place The proposition says that 
‘he ope rodionnt ix in & outa pace~the chore allantoic 
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membrane, bot it dows sot say whece the choriosHantole 
‘embrane bas to be ts this tho a matter of indierence ? 
‘The author arumer quite legitimately that the reader ows 
that what is roeant is that Ohe membrane ix part of & chk, 
Unt the chick is alive and ia ao egy-ehel, and that the et: 
shel ia ether ia an iacabator or ender when. Ta it then 
tatier of indifference whece the en ee the ipctbator (a? 
Could they, for example, be at the North Pole? What is 
susually meaat is that It does pot matter where the membrane 
Invo Jong as certain wrapecited, becatse uninown, condiiout 
are realised. What the proposition wants 10 assert is that if 
02h conslions are realized the assertion Wil bold good, 
matter where of when they happen to be realized, Thus the 
preposition, in spite ofthe form in which iis sated, i seal 
‘epouical and involves reference to an evet widening circle 
‘of condiions--recaling, the "conditions which prevented 
the oft woman from driving Ber pig home from market— 
about which it saya nothing. We cannot say thet where and 
twhen do not matter became at every time and place of which 
sre have any knoredge tome conditions prevail and there ay 
be limes and_ places at which hene and incubators cannot 
fonction Ht seems to be Dengan the question to say that if 
the same conditions are read when yor try he experiment 
as wire vealized when Z (eed it, thea yoa will get the same 
result, becaese 1 do not haw what conditions were realized 
In my case and you will mat know what conditions will have 
‘een realized in your cave. But if two experiments give the 
tame reelt itis said that i€ ie because the conditions were 
(he wane and if the ysl are ditterent thin ascribed t0 the 
spose fact that the conditions were iflecen 

‘The same difselty arises it connexion with the objet 
We know, of couse, that ly a certain liited member of 
eyesrudiments ave actually beea. placed in the sitantion 
Ieotiooed, in a certain laboratory st e certain tine. But 
the proposition dows not restrict sell to those object, any 
amore than to that laboratory or co that time, ane i may be 
asked : How ie it poulble to make teue aertions shoot other 
‘eyerudiments when you ave only observed a few? What 
‘best mcan to lata futh fr eich propositions ? Tt we knew 
‘that al) eye-rediments and all chone-allastole membranes 
tered from one ssother only numerically thea it woud 
sufice to try the experiment cove only, bat we wre told that 
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“variation ia am important and common chancretitc of 
‘ving thiogs—aoimporeane and frequent that Darwin founded 
a thaacy of evolobon on tis act s2 2 basi Thus we Ot only 
do aot Jao that al objects ofthe kind eentioned are rarely 
DDumerclly diferent, but we hoc be contradicting a2 i 
erat gear spi psc cre eam tat 
they were. 

‘What, then, do we mean in claiming truth for och a pro: 
patiea? It the author had merely sid that certain events 
SoU happened in cetain objects et certain times und paca we 
should know that by this being (rue simply meant that euch 
vents had actually been obperved, and 1 repoubie invest 
{tor who wade the vatement would bave no dificulty 
feivincing reasonable pepe of te rath by showing te spec 
nena he had obtained. But such a propoation would be an 
Hiatoleal propoaition—-it would merely record a fact The 
biological proposition clearly wants to do more than that. 
For Yeas already noted we could aot tet this awection By 
daing tbe experiment ooreives because this would stl eave 
to enormons numberof eases aU wetesed, dif Ue exper 
tment were upesccessul could stil be tard that ths was 
becaise the conditions were oe (avourable, as frequently 
appensn logical experiments. But ia number of careful 
operators repeal the experiment ussoccestlly then we are 
inclined to say that the proposition is false, and we sbould 
fefect tas worthless (although ft woul si emai true a8 2 
bstocicl ecard). Thus the auzner of tries the expedient 
ban been repeated i considered to be of Smopotance Bt 
even if those further experiments coofrmed the erigizal 
Proposition we should si bein doubt about ihe time goestion. 
How fa, for exarapl, into the past may we suppose such 
proposition to Rave been true? When we have to invoke 
frwmnt conditiogs about wich we low no lite, what can 
Ie be jutifed i= mying shout pest conditions whont which 
‘Fe hawow nothing ? Ta is evidently a diiculty which we 
‘ght to bear in ind when we rsake satemants feometimes 
lng the word "aztat') about onganimes at enocmcaaly 
‘mate epoch, 

Yet in spite of all these diffcuities the procedure of nataral 
science seems to work weli enough to sustain our hopes that 
‘ur iodactive propaiices say sonathing meaninghul end frm 
‘worthy fouldatioe for he erection of spective Shores 
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Iegical sciences, will have to be removed if we are to find & 
Ingica) justification for our scientife procedare, if, that i: to. 
a eens 

(@} What do we mean by systematized propositions? By 
By ype teerh breed pape 
ots evra bane ese an 
orn ities Ter ont Scns 
ari lee 
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pls papel petri gy a 
eee tee See 
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abject-matter will determine, in part at least, the mode of 
eee a aera ee eee 
Senketad acta etna Sr 

rina va nos ae 
ence ecee barren cena 
Pope per 
wa eee at te Cope eae 
org rae eae 
Propositions. But before all else we demand that our know- 
ledge shall be tree fram contradiction and that it shalt be true. 
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GENERAL IeTRODUCTION ” 
of them and of their signicance (or sziece is oecpind 
reat deal of attention in cecent years. lonely comected 
‘ith them is the protiem of iadacion to which we bave 
heady tefereed. ‘Marcover_the whale of our seientiic 
[procedure involve certain uxivenal sssumpuions and beets 
‘Which requice examination, A study of Useve matters—all of 
‘which are implicated inthe * principe of syatematizaion 
‘Tl be undertaken, from the sandjcint of biology, sa Part 
‘We stall se that an examination of thee principles of aye 
temutzation is of great importance in understandicg the Bio 
logical anticeses, "The traditional cotrast between structure 
and function, foc exaraple, which say acem at Gist sight 10 
doe determined sokly by the nature of the wsbject-matter will 
be shown to depend ot our attitode 10 same of the general 
‘icp to which we bave been referring 

{i} Widh regard to the relation of minds to propositions 
{tw soe fr the pees to aay that, except fr an extreme 
bebaviouist, propositions are the outcome of mental opera: 
tioos of the ad called inaiectual If you are waked what 
{nthe vam of 23 nad 1 you will probably sy, after an interval, 
43. And what you did during par at least of that interval 
(Mould be called, by mott people, ap intellectual operation. 
‘The propatons of a science reir, we said, 10 a subject: 
taattr, und Bence minds are indirectly related tothe subjeet- 
‘matter through propedtions, But iinds are abo directly 
related to subjectomattera In the case of natant science 
‘this relation is always in te frst instance through sense: 
perception, and the relation is ustally described as one of 
Seareoenn Percept is alo eegarded by east people as 
mental operation Thus ix natarel slece we feat become 
aware of our subjectsmatter trough perception, and at & 
eault of subsequent operations we give utterance £0 propo 
stings aboat it The natore of perception and its slation 
to knowledge will be the fist topic for Patt. But intellect 
‘operations are aot the only meztal prooeses,Whea anyoue 
“ets Dead im an argurent it is usually believed that he 
{athe subject of mental proceama of dh Kind called aective 
ecsotional Moreover, secoe people, inthe coune of a2 
spent, may deliberately appeat wo such proceses in their 
‘pearers Is onder 1 influence fe kind of propositions they will 
sake about certain subject-matter, Thun there are other 
menial processes which may inferfese with the intelectual 
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‘operations, and in discuming « theory we ought €o take into 
‘consideration the pasibllty of such influences in ite coxi- 
osition Soch poasiities will be discumed in Part I. under 
“aubjective factors "in knowledge. 


“This first bref examination of knowledge Beings us back 
to the question whether science a loweledge could be regarded 
4s equivaient fo "natural science.” We have been taking 
Inowledge shelf 23 cur sobject-matter—toaking il the object 
of ingeiry, Now lnowkedge it not. ooully regarded us 
“nator object "inthe same sense in which a TiN regarded 
‘ayn natural object, and hence if we be going 1 use the term 
matural in its cocamon senve, catural science wil not be 
‘quivaleat to all knowledge. But the branch of cence which 
takes knowledge for its object is munlly called logic, x0 
seen that what we are seeking 44» tis fr the soy of the 
Bate ants ince pe of sng. Are thee te 
of Koowiedge which do et come ander “natural” 
lcnowledge ? The reference 10 minds suggests that 2 ay 
tematized Knowledge of such objets would alo be a scence, 
‘but would ibe a “natural science"? We see that this ex: 
ressiog ‘natural ecence "fs constantly forcing ut 10. ask 
‘what we meas by natove in order ta Getesmine whether 2 
Parccab bit of dubpetmatter is to be refereed (© nature, 
od so to natural science, or not. But itis evident that 16 
decide such a question we shoud bave 10 make a survey of 
Ue subjectomatters of 2 number of sciences td study the 
relations between teat 
Te might sera that such qaestiona are of no importance 
foc our resent porpee, But itp absolutly ewertial a this 
‘nage to consider the relations ofthe weioas branches of know 
Inige to. one another in onder to aveid contesions and dit 
calles ‘which would otherwise preseat Unemaives late 
‘We have seen that each science han 2 certain Bld marked out 
for it by its abjectsmattee. What athe relationship between 
the subject matter of physic and that of Bilogy ? ef betes 
(he nabject-mater of the science which studies minds and that 
which stadier atimats 7 Most people believe that although 
thet are many sciences there io only coe universe, and thet 
the reelts ofall the sckences taken together ought to te ba 





GENERAL DirRoDUCTION oo 


something aboot that universe and about our own position io 
It Moreover it ia felt that, although there is such diveraty 
between diferent sciences, and so much dificulty im Gnding 
any principle of unity between them—often we fd contra: 
Alction and ineampatibitity instead—it is fle cbs in epite of 
all this, there is ovity of some sor. and non-cantradiction in 
‘the universe itsef if only we could discover it, But if we are 
én one science how can we answer such questions ? Is it 
‘even possible for ont man to low the field of his owm science 
‘properly, let alone enough about another to talk about the 
Telatonahip between the two? Even in a single science 
‘here are many sub-divisions, and in order to add 10 the know- 
ledge of a particular division it is neceamary, at the present 
day, to know a great dex! about it, and eg axually rosans 
that there is co time Jeft to know much about the others, 
‘What does the average zoologist know about botany ? or the 
‘average animal morphologist know about animal physiology ? 
A specialist has been described as eae who knows more and 
‘more about Jem and lew, But we have seen something of 
what ‘aystematioed ' wears, and how exch science strives 
ster a theoretical interpretation of its own Sed in which tha 
etails wil be organized in accordance with certain pring 

‘Moat people will agree with Poincaré that a cobection of 

‘no moce makes a science than a heap of bricks makes a houye, 
‘Thus there net only a process of adding to knowledge but 
to one of organising it. But x specialist in ane beanch 
would only be able ty do the organizing of the branch with 
‘which he was familiar, ht would aot have time lett for attending 
toother branches if he were also engaged in adding to his own, 
‘One cam imagine a highly perfected science in which it would be 
‘eceasary ¢9 have not only ‘ adders * who also did the organ- 
iadng aach in his own sab-diviaian, but alsa“ organizers ' who 
bd nothing but study the rzutualcelations between the £u- 
‘divisions. It might be necessary to have hierarchies of 
“onganizers * to deal with groupe of sxb-livisons, according 
to the degree and manner ia which the subject-matter wat 
Alvided. “The only science which approaches such 2 state 
ft present is physica, and here the “organizers have been 
mathematicians who pechapa have never been in a faboratery 
intheirives One thinks of Leverrier predicting the discovery 
‘of « new planet und being too bored so the story runs—even 
te look through the telescope when his prediction was veriSed. 
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Moreover in physics what { have been calling‘ principe of 
‘ymtemataation “have been the subject, a theough is batory, 
‘af lively discussions When wwe tam to Biology we Gnd, as 
have said, « lage number of beanches purssed by specialats 
‘who ure too basy mating new addibons to knowledge cach in 
1s own branch (o attend to other branches, stil eas to devote 
‘ay time to the study of the principles of syatematization, 
Moceover the difculties of biology are sil further exaggerated 
by thooe deep claavages of opal to which reference bss been 
‘made and with which every Sologst i familar 

‘Now the question: What do we azan by nature ? is one of 
thooe which appear to necewitate a consideration of tore—~ 
many more—than one science. (t coukd not be decided by 
1 specials in one science. All Ae coubd tellus would be abont 
the present state of it acenee, or rather bis particular roanch 
of that science. It ia also clea tbat what be had to tell ws 
‘wonld be valuable justin proportion as be was disinieresed in 
the general questions. His function is just to tellus what he 
‘ius vo be the care ia bis owe sphere with the minizam of 
distortion, Thus it would sem Uhat there ought to be mat 
‘general science, not immersed in a particular subject-matter, 
but dealing with the relationship between the various epecial 
sciences, abd trying to synthesize their moet general relia 
‘And the function of such a general science would not oaceagarily 
be exhausted by attempting (0 make a syathesi of knowindgn 
might alo be able to bap the special ecences by poking 
cout contradictions between them, ad thus sugeesting Dew 
lines for (avestigation with @ view to their removal It ls 
obvious that much a general science would difier in a pumnber 
‘Limportant respects from a special science and would probably 
require a diferent type of rind for it parma. t could not, 
for example, make experiments because it waold be dealing 
‘with the whole. [1 would be utterly dependent for ita date 
‘upon the special sciences, bet it would klso preserve a strict 
fexpartiality beeen then, jst taking their data ait seoriver 
‘them and mating what it coud of them by way of rymtbesis 
ts socceas would depend on the care talien in making the 
subsidiary ayatheses io each special science, since it would 
Dave to aatume that soch eyotheses hed beca carefully and 
Gisiteretedly caried out.” Being, dependent Io this way, 
the conchaioes of such a universal ecence could not be more 
Drobable than thoae of the aciesoes pon which it was based. 
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Like theic conclusions ita own would, therelove, always be 
‘tentative and subject to revises, 

‘Soeh a genacal sclence would also serve a5 2 corrective t© 
certain defects which inevitably attach to the procedure of 
the apecial sciences’ The whcle soccem of the latter Gependa 
upon their way of dealing with their problemas pircereal— 
postponing diftcaltien until the easicr tasks have been com- 
pleted. In other words they proceed by’ abstraction —a most 
leapociant feature which wil have to be considered in deta 
later. Now in our universal sence this would obviously 
‘be imponsible, Since jt has undertaken to give some account 
of the whole it comid pot abstract but wouk! have to ensure 
that the consequences of one made of abstraction were duly 
compeasted by the ose of athern It thas becomes, in the 
‘words of Dr. Broud, the residuary legatee of all the dithcnlien 
‘whieh (he special aclences have found i( convenient to neglect 


From the earliest days of systematic reSexion there hey 
alnya been an self such « uence ud is commeniy 
called metaphysics. Whether it bas always sopponed 

tank to'be auch ar { have depicted ft may we be doubted 
‘Al have been doing has been to state sty purely personal 
‘pinion about ic. There apprar te have bees two principal 
typts of metaphysics in the past: onc, which we may call 
the priosi type, srhich works deductively from agreed "first 
Principles’: the othee, “empirical”, attempting to reach 
Keneral synoptic interpretation of the results of the special 
seienoes. Among recent thinkers the work of M'Taggart 
‘might be cited as an example of the frst and that of Profesor 
‘Alexander as an example of the second.” But euch a division. 
‘makes the sitoation appear to be simpler than it really is 
became It ls dlficatt to be purely » priori or purely empirical 
Now froma time to time we hear about  confict between 
“aclence * (meaning natural scence) and metaphysica There 
see to be a tradition among mex of science thet there ia 
something diarepatable about metaphysics—eomething which 
makes It a topic which I i desirable to aveld. Bot people 
‘who bold this do sot by any menm muke it quite char what 
they mean by metapbysica. This is not a satisfactory state of 
afiairs, becanse it you do not know clearly what metaphysicr 
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{is you may easily full into it unawares, and if metaphysis 
4s Something it i desirable to aveid it will be a istortune 
to fall into it weawares. It secs very frequently to De 
‘he case that what & person means by ‘metaphysics i the 
‘opinion on certain topics of other people who do not agree 


with him, His ows Doe cals scbenes*, This leary, 
will not da, I ‘8 too muck ofthe story of the man In 
‘Pamch who vas te difference between * doctrine * 
‘and dogma at be thocht rickt way doctrine, ad 


thatthe ier ying thoeht sich was just Sogma" M trtae 
hye adel i tho way tail Bran Sy Goes 
St tetaphyaice and of science an there 270 difereat opens 
Ie will moreover, buve the serous careeguence of lesding 
to perpeval confusion between 3 particular sien ais 
phypies ia the seme tx which 1 Save described it Tt wil 
aay be found that people who make te divison in the 
Sbove way have already tade up thet winds on sertain 
imetepiyical questions without being aware of the fact 
ning (6 a failure to distinguish clearly the problems. and 
‘Dethods of scence onthe one Band, and metaphynies oo the 
‘ther Brom what has been said i wil be ear that they 
‘ier in many important rapects 

Put is te Way] have attcopacd 10 put itt soems abeurd 


“cence “and relpen—as thongl science were always quar- 
relling with something er other How has this tcadiion 
‘ten ? Such quarres—tike digpotes between: ations—oot 
lntrequently result fom lack of motual understanding, vn 
in a world of knowledge sivided into thoughi-ight 

ments it woud not be surprising to fod each «lack, 

Metaphyaca—iike ‘and theolkgy—is one of those 
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{ident opinions on sock a subject based solely ox your own 
‘Reonters. But with metaphysics it appears to be otherwise 
‘Thin is partly because most people are interested inthe general 
problems of existence, and’ do in fact take ap some sort of 
Atitude towards them, whereas only a few people are intce- 
cated inorganic chemistry. But itis also becanse problems 
im the opecial sciences cap frequently be put to tbe expern- 
‘mental tet and there i « possiblity of your erroneous opinion 
‘cing refuted. “Metaphysical opinions, ftom the aature of 
the cage, cannot be tested in thie way. Consequenuly whereas 
cheminity wil be able to give a pnitive opinion pon many 
‘questions, metephysice would only be able to offer a number 
of siteratives. But is this a solicent reason for beNevinw, 
that the opinion of say, an exponest of = special science Is 38 
(ood as that of one wha has devoted himoel fosoch qsextions ? 
Medical authorities are notoriously divided in ther opinions, 
and these too ace often of such a nature as oot to admit of 
‘ing aettled by an experimental test. And yet we often 
cousult them in spite of this, feeling that it ig etter to trast 
sumeone who has devoted attention (0 secb topics rather 
thm to rely on our own resources, Thus the fact thal o many 
people hold decided opinions about metaphysical protiems 
‘without considering i necessary to have any special know 
edge of the subject, may be doe to ignorance of the nature 
‘of such probiems, and also to the existence of non-intellectual 
factors influencing ther beicfs. There isa confusion between 
the practical altitade. of everyday life which cannot malt 
to have it problems “solved "for it by the laborious ro 
ewes of the intellect, and the porely intellectual atticude 
‘whowe concen is sckely for the trsch and whieb, i iti to be 
faithful to this demand must needs have infinite paticne.* 

1 is not difealt to se other reasons for the existence of 
the traditional conflet between mater) scienoc and mete 
pips, some realing fom aut on ce oie, an sme 

faults on the other. Fics, there is diversity of inde, 
‘The type of mind which & attracted to a speci] science wil 
diter from one which is attracted to metaphysicn We all 
lke ta fel that what we are doing & important, and we are 
‘apt ta think that what we do not understand of are nol in- 
terested in is not important, 1 will be easy for ane who bas 


i, Sew, ight yh ena wine 
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the gif and good fortese tm eatke briliant discoveries about 
hich « great many people cax be thriled, 10 feel more iam 
‘portant thin ong who geoeralizes about other peoples’ dle- 
coveries, and whose theories may ocly be undersiood by 2 
few. But there are people who are more gifted for making 
Eeveral interpretations than particular discoveries, and it 
seem abrurd to make distinctions about the relative import- 
‘ance of workers in diferent branches, or at different levels of 
_geazealty, of the fabric of knowledge, when they are sa muta 
“ly dependest upon one another. it is largely because vhis 
‘motua! relation isso litte yalised that such distinctions are 
made, But the history of soence i abundant with instances 
of Uhia eastoal interdependence of theary and investigation, 
‘and Bacon has beautifally expressed his bal of what their 
relations should be : 


“Thame who have femcg of Ibe scicsces have bros either 
tie 





‘When we consider how easy itis (ro specialist to get his 
ow little bit of experience out of perspective an intellectual 
‘world peopled only by specialists becomes a hocrible object to 
contemplate, and we turn 2 moce sympathetic eye in any 
direction which offers a counterpoise to the inevitable defects 
‘of profeasional specialises. The need for the aitince of which 
‘Baron peal ia even more urgert at the present day than it 
‘was at the time in which he wrote, wen it was still pouible 
for a man to ’ take all inomledge for his province.’ Today 
‘when such a thing is utterly iropoasitle the need for mutual 
biefp and anderstendlng becomes imperative if knowledge 
is not to dogenerate, an Prolessor Whitebead says, into "a 
medley af of bor hypotheses ' and semain so, The belict 
that J¢ was pousble to altain to certainty upon metaphysical 
questions by merely thinking abost them withost regard to 
‘empirical data dove nol appear to have been at any time 40 
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‘rewaleat as one would suppose from those who write about a 
Conflict between sciance and metachysicn Each ge does 
‘Doe best it cam with the data at its csposal and ior meta- 
phic will eect the relative importance it attaches to the 
‘iflerent elements presented to it {t does not appear to be 
due duty ofa particular scence (o decide such questions. The 
danger that bas arieen from ia the past has 
‘dapanded upon the ease with which itis pomible for meta 
‘hyaical notions to induence empirical inqaisies, and we shall 
‘nd that 1 i posible to trace the inflsence of such ansamp- 
‘os at the present day operating uxnoticed becatse they are 
‘entertained unconsciously, o their metaphysical character 
in ot understood. 

‘The truth is, of course, that it ie impomsible to begin woe 
in a particular field without some pre-suppoditions aboat ita 
‘natu, and abost how to set to work, The scencen arose 
‘20 the basis ofthe preliminary work of this kind which had 
‘been done by presenti thinkers, and is enshrined in com: 
monaesse. {¢ is la connexion with methods of approach, 
‘methods of thinking and abstracting, that demands a5d hypo: 
theaea play such an important réle. Some of theve demands 
may be metaphysical in the sease that they lend us to make 
‘certain uasurnptions about the character of the whale Seld of 
stady which cannot be pot fo a decisive empirical test, Io 
tea of waling to fod oot wat dt qeaeral character oft 
4 good deal of work han been dooe, certain erin 
sade about {tat the start. The history of scien 











Es 


‘whether they are still performing their proper functions and 
‘ot leading us astray. Thus a science ahould be conscious 
‘of the agsennptions apd demands upon which it rests, but it 
‘wma that in natural gcience at the present day it & only 
Physice—ar rather its best representatives—that can be said 
In this way to be‘ mlt-conscions 


a BIOLOGICAL PRINCIPLES 


‘An important consequence of these facts is that « given set 
of sesazptions will cxsmit ws to a certain cime of thought 
‘rom which the only way of escape will be by ovechanling the 
‘amumptions themselves But when a particular way of 
‘inking bas got deeply embedded it becomes extracrdmarily 
<dificult to extricate oneself fra it, and even if man sucoceds 
‘a overcoming the resistance of his own mind in (his way 
traditloe: will Ul keep the genera fread of thought ia the sane 
‘grove. When we beat of this or that institution creating 
‘Sintachs to scientific progress we must alo remember thet 
Scientibe tradition may acl! become an obstacle.‘ The 
‘Victory of the categoria’ writes Professor Hobbouse, ‘ls not 
‘stablished without « trugge, and like other victories it ends 
{na dictstochip under which death or exile & the penally of 
recalcitroce," Thun. thinker who i nol prepared (0 critcine 
his demands and assuraprions or "suffer them to be doubted 
‘of "is thought-bound, But to-day we ave witnessing ax attack 
‘upon the categories which i Ukely to have eoxseqoraces 
far reaching a8 the catenories tbemueives ase deep-seated, and 
tre cannot moet criticism by merely tuming a dens eas, | Nor 
shall we be able fo benefit by the fruits of much criticism if we 
dd not take the trouble ecemary fo understand thesn Ut will 
‘be ufo what follows to dstinginh wo ways i which sach 
fundamental rotions tay be entertained. For a. given 
science they should always be adopted anly as guides for 
investintion—not un solutions or concdusiony—otherwise 
science wonld be deserting its proper function, and woul 
Imereiy be solving itn problena “meaptiycaly: m advance 
‘of empicical inquiry. " Accordingly we shall say that for a 
riven science all such amumptions are bold methodeloicaly, 
but where they are bebd to be trae of reality then they willbe 
tid to be entertained mciephysicaly, 

This distinction between the methodological andthe 
setaphysical usc of notions isan extremely important one al 
‘will play a considerable part i later discumicns But 90 
‘often ae these two points of view confused in Bokagical con- 
‘rovery that it willbe desirable to devote a litle more alien. 
tom to the meaning of the ambignoes term " metaphysics‘ 
In scientific Bteratore it i not uncommon to fod this term 
cearployed for any theory or notion which ls at all out of the 
‘online of commen-eenes, or traditional aclenti6c, thought, and 
‘this baa the unfortunate conequeacs of perpetuating Oe 
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‘ae hat they are in ame way eleralyaniagociic to one 
ter. Semttnns, nod Miquel, he tei ted a8 
foagh the adiece“mecpsyaial “were in ame way 
copped to matealnc' Toate Mutated by the flowing 
mumage 

dapie, ber ee ob. wet beteto tm 

SRT ae 
“This introdeces conforon into the very bepnsing because 
itoess.a pore cppesiton tothe whts glace mateo 
fartid ind of tclaposseal tomy in te sens dese 
abave, [t has, it is true, become associated with natural 
Sceoce sth special ftincy becruce matre wee 1 cor- 
Cerwed with wat i ale the wate work. But teary 
Aout the material wel! cam be scentibe wichout. being 
tnateratie ia the acac in wich that term commonly 
dersfod sis indeed the cae witb meh of oven py 
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.ppeart to be the 
tached the tor by soc miter es Ent Mach od Ket 
Fearon whose views will be examined in detail in Pert 1, 
“The expresaion, "immediate Gata of wense ‘is ambiguows, but, 
in the sense in which these authors anderstand it, met if not 
All oac scientife theories a8 commonly understood would be 
etapa fet whic sat aways early appecated 
by tany who quote their works with approval. Mach and 
‘Pearyon bald that sch theores ze not To be beld as true of 
reality but should be rogerded as mere devices for imposing 
‘order upon sense-experience. But their view i tel based on 
‘a theory of the nature af sense-experience which isnot Wry 
comunoaly held at the present day by philosophers 

‘La us bok now at some opinions of phitosophers themselves 
bout the messing of the term ‘metaphysics They, pre- 
seumably, will bnow what they are talking about, The well- 
mown remark of Wiliara James that "Metaphysics metas 
othing Dt an unuscally obstinate effort to think clearly 
ives eeapbaas to one aspect by which metaphysics is dit- 
Cinguished from science, It does not imply that "car 
thinking "is not required in science. “The empbasis is oa tbe 


edie wn 1A. Thaw, Dien, Lanta 198, 
"Prepia f Bobiagy Cm Toe L us 
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“naumually cbatioate nature of the efiort and relara tothe fact 
slready mentiooed that metaphysics, ia 50 far as it attempts 
to embrace the whole of experience cannot ighten is taak by 
ignocing anything. Professor W. P. Moutague writes thet 


Hee then proceeds to distinguish two kinds of metapbysi— 
‘analytical and synthetic. He says that analytical metaphy- 
ses or Ontology is “the study of the busic categuries of the 
Sciences” ‘Ths appears ta be much the sume ab what Pro- 
fewor Whitehead means when he s2y3 
sae at tka rch tnpenehy Feast ie the sf 
i Seryinag hat tapyens ™ 
Profenor Montague applies the term synthetic eetaphytics 0 
Conpology to “the study of the generic conciuslons of the 
sciences - which by the interreating of these produces 
‘uzibed picture of the workd as a whole". This last meaning 
of the term. clearly marks off at Kast a pomible sceace—a 
thesis of knowledge professing to give ws trae information 
bout the mutual relations of the vasioas axpects of our 
Perience. And i isin thie sense that I have been using the 
term.” The trouble is lo make dear the distinctions between 
‘this and certain otber scSeaces which are related to and apt 
to be confused with it Toe peindpel didally Yor the 
smodern wortd arises {com the fact bat itis believed that a 
‘por question has to be faced before we can attain ta yoch & 
‘aivenal science —quite opert from the question whetber we 
Dave enough data for such an attempt. And this pror 
question relates to the mature ané trustworthiness of Know 
fedgr ill. We ace remanded at every tum, us 900n as ve 
bogin to reflect, that tis the work as ow that we re Geaing 
‘with, and that the interpretation of the content of koomledge 
cannot be wholly divorced from Hse inquiry into the natare of 
knowledge. Now this latter inquiry—or epistemology us itis 
‘alld at the present day—ia included by some within meta- 
pbyics and is iccioded, I eink, in the above definitions of 
Inetaphysics by Professor Whitehead, and of analytical 
metaphysics by Profemor Montague. It ia becaxse 1 wah to 
"Tae Ways of Newington, " 
Baie aba es, Cast 
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loep these two pointy of view separate as far a8 is posible 
(het Tes aadous to conte the crm metaphysics tothe see 
Tihave aeady explised. Ics entremely dificil to covey 
‘wnt in meant fs a few words atthe outset, and I must tly 
tn the indulgence of the reader to perzt Ye to do 40 in the 
cours of this Introdection and is Part 2, Meanehile an 
‘ample will perhaps cue things x StUe clearer. We bear 
a pent dea! today aboot diferent kinds of “space”. We 
hear of Euclidean aad nor Euclidean spce. People alo speak 
of visual and tacual space a wel anf piysal pace. Now 
the qucalion of the cxitence and nature uf physical space 1 
should auppoue to be « metaphysical one, but the problems 
‘whether vial space isto be called space at all and what ite 
Fetioa to phyucal space may de Istould call an epistemo: 
logical problem. And aay particular ation of space employed 
in phyweal sence for dscripive parpowes, nkepeadently of 
its metaphyseal interpetation, such 2 sation 2 should 0y i 
tmployed, muthodaogially, Le simply for the potpose of 
invenigation, which ean be carried oot quite independesty 
of the didalies cased by the mare wooyualy ototiaate 
‘flor to think clearly "which a metaphysical theory of space 
‘would require 


So mech, then. for what Z intend to sean by the word 
metaphysics, and for what 1 understand to be ity velation 10 
the speciahseeccen, “Another crc: which is ape 10 arse in 
tonerion with digumions about the logic ot science ie 
“philosophy *, Like the terms ‘science * and ' metaphysics * 
the (erm also appenct to be used very oasely and mbigu- 
connly Sometizues ie seems to be wed a4 8 synonym for 
Imetaphynles, and someties as a wider (crm which sctodes 
tmetaphiaica es a part. Tt i most frequently employed (0 
include a groop of siences having certain cooumon characteris 
Ai as regards oubpetematter and method and exclding the 
hatural sciences. What, then, i the Gatinction betmeen the 
“natural” and. the" phdewophical” aclenoes? We have 
noted that in the natural sciences tbe sins which persue them 
Ere browght int relation with their subject-matters through 
teeecprception, and the ditinction might be dazed upon 
tha Profesor Watehead, for example, says: "Natures 
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hat which we observe in perception through the sana"! 
[f-we adopt this as a provisional defnition of atare "we can 
define the phiesophical seienoes negatively a those whose 
ssubject-matters are aot (primary) brought into relation with 
minds though sense-pesception. Marked out in this way the 
fellowing would then be some of the principal philosophical 
sciences : Loge {including pure mathematics), Ethics, 
‘Aesthetics, and Peyechology. Whereas same of the principal 
natural sciences would be Physics, Chemistry, Geology and 


REE nme iy abu he tin we 
scree mmc enna me ain 
weer en a nc ay 
See ire a a ae a 
a te Saree eee ee eee 
Ebina vlc ra ome 
the St “ho ero ee 
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Spon erly eae de 
ppp bpm 
Scar See rare a ie aT 
Sea eee ea nes a ceevece ne 
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Berita Soccer tote ates pale oe 
tober eeere peed 
pel heap ll treba 
Set acc tee anager 
aie rere 
oe fetter tee he 
Sere stra eee re 
Talc ee ay ia ae 
tg ic at Aart faa, 
Si ae, wn te ea 
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atin seer a SP easy dh 
ey nae ey oe 
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Tas Cancepe of Notes, Cabnidgn, 986, B 3 
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‘An Seapection of the list of sciences given in the above 
section shows that the different scenoes stand in very difler- 
‘ent relations to one another. For example, apart from meta- 
physi aauumotions, physi and biology stand almgside 
‘onc another af two sciences of nature (Le. of "that which we 
‘observe in perception through the senses). But the relation 
of peychology and logic to enc another aad to the remaiaing 
‘citces seein 10 be peculiar, and ot describable as * along: 
‘ide or example, psychology fas certain relations to all the 
remaining sciences depending on the fact that al the sciences 
‘owe theit existence to certain types of meatal activity, ex 
pecially to the type of activity we bave already aDbuded to a8 
inteictual? But there are other types: the esthetic, 
the moral, and the religious, and each activity bay what we 
‘may call its “outcome.” We have already referred to the 
outeame of the intellectual activity ag ‘ knowledge.’ Now 
{we go back to our list of sciences we see that they fall into 
‘three groups, The natural sciences deal with the processes 
‘of mature (in the sense dened): paychology stodiea mental 
processes of all Kinds as such” whilst the Fecaining sciences 
muntioned—Logic, Aesthetics and Ethis. to which, peeaura- 
bly, we may add Theology, while depending on the existence 
‘of certain mental activities, axe not concerned with tbone 
‘activities as such but with their onicome. Pechaps this relation 
cf prychology and these ' sciences of outconse "to one another 
‘nay be illustrated by the following analogy. The texte engin= 
cer isconcerned with the working of textile machinery but nol 
‘with the wave product.” The textile designer. on the other 
and, ig 20¢ concerned with the working of the machinery 
‘bot only with the woven product—the outcome ofits work: 
ing. But the designer cannot afford to be ignorant of the 
nature of textile machinery and of the technique of weaving 
Ddecaute these will set certain limite to, and irapone certain 
Characteristics upon, bis designs, 

‘Naw logic and poychology clearly have a special relation 
to ll the remaining sciences. All the sciences, we have atid, 
hhave this in common : they are all the outcome of intellecraal 
‘operaticea dizected upon same subjectaatter or other, But 
peychology is the science which studies aif mental processes 

‘S00 aber, 2 
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fo such, and logic isthe science which studies the ontcome 
of the iateiectual operations. It has to do with the invest 
fqtton of propmitions, their diferent types and roperties, 
tnd with che validity of ioerterencee from Cheat, "Te oeema, 
therefore, oo though peycholegy and logic would bets wort 
‘what the same relation to aoe another as the textile engineer 
bears tothe textile designer. Lagi, although only concerned 
‘with the outcame of the inteflectaa! operations, will (at east 
In the widest sense of be term logic to inclode theory of kow- 
ledge) have to take the teaching of payetiology into account 
in case It should be found that they mental procrsces than 
purely intellectual ones may interfere with the outcome of the 
Ritter But logic, even in its mece restricied sense, wil be 
related to all the other sciences (including. paychology) in 
fanotber way, The sciences aim at making valid inferences 
‘about their subjectsmatters since they all want their propesi- 
Alona to be true, Consequently i woul sce that the ull 
tale appral of the otber sciences wall be to lagi. 

‘Bt when [say that logics fundamental the other scicoces 
in this way {'do not mean that a given science cannot be 
stuccesfally pursard in complete ignorance of logic a a scene 
for this is palpably untrue, It would mraz. that imowiedge 
of logic was prior 10 the exerrse of the inteiectoal operations, 
‘Which is abturd. Anyone who possesses the requisite intel 
etal gi anjone who 6 apabie of performing th cw. 
sary mental eperations, is able to purnve sclentibe inquiry 
Without knowing anything about either the mental operations 
involved of the logical laws which govern their outcome, 
withoot, in fact, knowing what, from 4 Jogical point of view, 
be is doing: just as i€ 8 possible to perform athletic feats 
in complete ignorance of anstoeny and philology. 

Nevertheless, some knowledge of bch things might, on 
‘occasion, be heiphul in avoiding pitas to which a too naive 
View would expose the investigator, and still more the 
theoticer just an sorae Knowledge of optic # weful to the 
‘worker with the microscope, and some knowledge of physiology 
dietetics and so forth—is weful to the athlete. We here 
‘come upon 2 distinction to which relercoce has already Dees 
made aud whic it is pecenary to keep in mind. Urefer tothe 
Atference between the oatlook and the reqoiremeata of the 
investigator on the one hand, and the inlerpeter ot "cepa 
ser "an the other, Mock discusian of sceatifc methodology 
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fa, T think, apt to be witiated from 2 failure to recognize thin 
diflerence, Logic will be of little kelp to the investigator 
becanse bere a0 rauich depends om the natare of the subject- 
matter ond be alone will have the requisite firsthand ac- 
‘qoainuasce with it. He is guided not by conscious discursive 
‘Procrases but by ‘tact “insight ‘or *fatuition * about whic 
either be nor the logician knows anything, Here logic will 
ya Ro bute. "ein the interpretation of he gtcome 
‘of inventigation that logic becomes of ianportance. We have 
eva that the interpretations of « particular science do not 

‘to be in any sense ultimate, They claim to be true 
‘aly within the ciecle of assumptions and modes of abstraction 
‘considered by the investigator lo be suitable within a given 
scence, Now logic (in the wide sense in which 1 am using 
that term) provides a critiqae not only of the inferences by 
Which a given interpretation is reached within a given circle 
of smmumptions, but alse of chose sssumptions themuelves. 
Moreaver there are sufl deeper ertical questions t0 be ase 
‘as will be gathered from the following passage from J. S. Ml 
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(lie theories, und, therefore, in this seaoe sleo logic with 
‘epistermology is fundamental to all the sclenors. 
‘Exponent of pacticalar scieaess may and do (especially 
in mathematical physics) trom time 10 time undertake the 
Investigation of such problema and the crtisam of their own 
{fmdamental ammumptions but in so doing they ace Net pure 
ing their own science bot epistemology. It ia open to the 
investigator to make whatever assumptions, and to use what: 
vet mde ofabtundan hn comer pled nt 
‘x usually the best judge 20 far as the of discovery 
ix concurned—but the Saal tat of the trath of auch assump: 
‘tons, und of any inferences that may be based pan them, 
eats with the scence which malas the critical study af snch 
things ite special province. 

‘This account of the auitual eelations of the matoral and the 
‘philosophical sciences would, [ believe, be agreed to in prin- 
ple By the majority of philasophers. | But how far it would 
receive the assent of the followers of aatural science seems 
more doubtfal. To an extreme behaviourist it wil prenuim- 
ably be meaningless since, if } urverstand kim cightly, be 
would not acknowiedge the existence of what I have relecred 
@ as ‘intelictual activites"; and what 1 have called thelr 
‘outcome he would call 1 suppose, Jaryagea! movements, o€ 
‘other bodily changes Also ie is a Le dificult to see how 
‘what L have said i te be reconciled with the following amser- 
tion by a phrysivlogist 

sexTMs RE gti aeremioy th dower growth ofthe 
‘iencea'of winch abing iw peeeg. 


Ut this fs true it would seem that we ought, in order to ander- 
stand the nature of knowledge, to consult not a logician oc 
even a paychologit, but a botanist. These extreme opinions 
| ahould prefer to regard as opeciciecs of aatural scienon rn 
‘wild into unconscious metaphyaica Generalizations of much 
‘Wide compass as this appear to be 100 shaky in their ows 
Jonadations to induce us to depart trom ortbodaxy in such 
matters, 

‘We can pense bere and survey the ground so far covered. 
1 have guggested that the way to stully the biological anti 
theses—form and fonction, preformation and epigrneis, 


i Starting, Prncpls af Hamre Phyineey, Loedoe, 1922, 76. 
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italien and mechaniam—is by a2 investigation of biology 
za mmowledge. I have suggested that this wil invalve a study 
ff the nature of bicogiea propositions and of the principles 
of eystematiation by which they are built into t scence, 
have alo attempted briefly to make cleus what 1 understand 
tobe the eentiana of the natura! sciences to other departments 
of keowiedgn, and yarticalarly to logic. 1 have given reason 
{ox regarding epistemology as uf special importance wien we 
ome to interpretation because it provides x citi uf aU thoee 
tions that are fondarental to sirntihe procedure, Ala 
have ured the term epistemology to inelade Mil's fonda 
imental question. One wav of understating the deep-seated 
samumption of our scenic procedure by Yearning iow they 
ae {0 be introduced in the developeeat of science, and to 
{is we now tars 











What I sow wish to do is to discuss certain crucial events 
in the history of European thought which were responsible 
for stamping upon modem «cienee eome of its most charactet- 
late Features. These events have licen the subject of mucl 
iscusion in recent years bat such drscussions do not appear 
to be 0 Lamilar to biologists as to render referense 10 them 
superfvoes 

‘Everyone knows that the ferment of thaught which we eall 
the Renaissance resulted, s9 far as science is ccncemed, in 
an overthcow of the Aristotelian physics and, at least in part, 
of the Aristotelian metaphysics, which fad dominated western, 
nought for many centuries, It ig equally well known that 
the man who, pethape more than any other, was reeponsible 
{for this change was Galileo. But itis much Tess well know 
to what an extent deliberate discussion of what we Now call 








fertain assuraptions of this kind which fad the most far~ 
reaching conasquences.* This important aspect of the 
Renatesance ig, unfortunstaly. not clearly brought out in 
Iistories of seienee, which deal salely with the experimental 
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eof Galllz'a work, The pislcsophical basis of the changes 
1 introduend 1a not disremsed Galina is therefore bast 
‘own as the maa wbo performed the celebrated experiment 
‘ro the campanite at Pisa, stodied the pendulum, and intro- 
duced the important concept of acceleration—allof which were 
of fundameatal Importance in setting phyaleal science om its 
‘trlumpbat path But Galieo was reaponsible for changes in 
thought which have had ceverberations far beyond the cote 
fines of physics, and it i these which { now wish ta describe. 
There are seven features of modern science which may be 
said to have been introdaced by Galileo, and when T say 
“introduced ’ I do not mean that be was solely responsible 
{or inventing therm, because the germs of many of them can 
be found in Greek thought, The importaxt point is that they 
‘were featares of Greek thought which did not find vous with 
‘Aristotle, and consequently ¢id not fod & place in the Aris: 
totelian tradition which was the dominant way of thinking in 
Galileo's Uae. These seven features are an follows: 

(0) In the first place Galileo's whole procedure sested on 
the conviction that a thorough going correspondence and har- 
‘ony exted between materia truths and be cures 

‘nature. 

(2) As a consequence of this the Aristotelian telelogical 
view of natuce gave way to the concept of cnusal relatinns 
according to law as the qroundwork of nature and the proper 
‘object of scientise study. 

(G) With this view was also coupled the tendency to exclude 
‘rom nature whatever elements it appeared to contain which 
‘were non-metrical and could not be treated mathemastically. 

‘The above three features might be called metaphytical or 
‘Ontological in the sense that they are concerned with the nature 
cof the objet of scientibe study, The remaining fonr at 
‘methodological in a0 far as they have to do with the procedure 
‘ot physical science, 

4) Galo does not appear to have concerned himgelt much 
‘with the nltimate grounds of Jpicaljastibcation of bis views, 
sw long as he was able to show theiz practical value as guides 
‘mn investigation. He wax perhaps the fret to see that such 
jumtifeation was et necessary for empirical investigation, 
and was therefore the first to tae the piecemeal method of 
science by restricting Ue ycope of problems and dealing with 
one at « tine, 
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(5) fa accordance with the above 2 mathematical law was 
firet thought ost and entertained hypothetically until it was 
‘cated by experiment fo determine whether it was apheld by 


(6) With Galileo began the departure from the Aristotelian 
imathod of saarching alter the ‘inner nature’ of things as 
abstances with attributes, and a turning towards the study 
‘the relations between’ things, leaving their nature c- 








Physic diaccased in Caio’ letters on sun-pots, (Se 
{edie indore ae maces salar, Opera BI, 46) 

(0) Connected saith (isis the Oecand that the ontoome of 
aan investigation shoulé aot being the proces to an end, 
fxplnations snes not be ° fal” oF ultimate * bot shoul 
Jeawe problems foe further study. 

(Of these seven points the third is the one of most interest 
from the present point of view. It willbe best strated by 
(he folowing quotation tron 11 Saggiatere (Opera, TV, 3331): 





if 


sf 





‘modern reader when he considers all the cubsequent develop- 
ments of the thought it contains! Here Gale makes, o0 
‘behalf of physical science, the celebrated distinction between 


Worae the so ti andi tooo ete’ 
“Veer tis cemtants fee eed wok A Bases Mamporet 
Fovadatoat of Motor Phyo Seance (Kagen Pasl, Lado 
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what Inter came to be called “ primary” and ° secondary” 
‘quaiiea. He saw that for the mathemati treatment of 
iatoce the secondary qzalities—caloor. scl, e., could be 
iguared, and thas discovered an important metho of ebdrac: 
‘on, Tk was not necessary, however, from this standpaist, 
‘to cam ssperaions on thes “reality Tn doing 80 Gateo 
‘went beynod strictly methodelogical requirements, bal thia 
Tu been the traditional attitede of physics since his time, 
‘The secandary quaites have beea the orphans of the world 
of acienige thought, Nobody wants them but nobody can 
et away from them. The belt that they are "unreal bas 
‘een a cardinal point in all materiaatic metaphysics, because 
they constitate an obstacle to al neat and tidy explanations 
ofthe world in terms of bits of stu pushing each other abot 
Bat this, at leas unti recently, has been regarded aa the (ype 
‘of scientiGe explanation fer evcotewe, and its melaphysial 
‘sccem (as distinct from the tuethodelogical) has been partly 
‘dependent upon the ease with which the secondary qualities 
‘ean be forgotten in natural scioce. This i one of the ways 
in which natural science, if it is not oo its guard inty 
nittingly slip into metaphysics It is bot « particular 
Instance of the genera fact that whea abstraction is made of 
anything the latter doesnot thereby erase to «nist 
to claim a place in the scheme later on when, ater succesful 
analy, we {um to the question of synthesis, For the 
[purposes of matheraatical physics it is not necessary to bave 
‘any theory about secondary qoalites. All that i requisite 
fn that it should is fact be possible to neglect them in formu 
lating certain quantitative laws. But a metaphysical theory, 
an ws have seen (p. 23), cannot abstract, cannot \gnore any: 
thing, and is therefore driven to have some theory regarding 
the secondary qealites, Cowseqoently the Ubeory that the 
seomdary qualities are " axreal’, wiuch & a metaphysical 
theory as far us mathematical physics in enacersed, must be 
called upon to jusity itelt at the bar of ertical philosophy, 
‘and explain wat it worans by ‘unread’. Toe existence of 
the secondary qualities ix, a3 Mil remarked,? che reat obatacle 
to universal generabcatioas of the mathematico-physical 
‘ype: a point which maght with advantage be explaised more 
arly and consciantiowly to stadenis of natura siance, 
"Tn Bisteries of weace 90 moc exmphans la waualy told 
* Syeiem of Lape, Bi UL ok ai, 2 
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‘on Galileo's troubles with the Church that the really important 
Jegieal peinepies involved are obscured, What Galleo wat 

‘was a wellectrenched system of thought, It 
happened unfortunately that the doctrines of the Church had. 
developed in relation to this system and dad found in it @ 
phiosophical basis, Consequestly to attack the one was 10 
‘tack the other, or goat east it was bekeved. Now the point 
of mont importance is Unat Galileo and his successae sucoreded 
im aleering toa very large extent the way of thinking in general 
fof the educated world. IC was not merely a qorstion of new 
tants being discovered ieating to of theories being abandased. 
‘A totally new attitude lowards existence, new ways of ashing 
and answering questions, new fundamental notions abowt both 
hought and things, were set on foot by men who probably 
saw only 2 little way in the dicetion in which such changes 
‘would lead. 

‘Animaginary example fram reecnt times will make my mean 
ing more clear. Within the present century startling changes 
hhave been set going in our ways of thinking, and ‘or these 
changes mathematical pinsicists have again chiefly been 
responsible, There have been searching investigations i= 
logte snd inte its rolations to pure mathematic, and the most 
far-reaching changes in cur ices about space and time aft 
im progress. Now suppose that the existing churches were in 
some way concerned with preserving the Newtonian inter- 
(pretation of the laws of motion. Einstein and his folowere 
‘Would then be heretics in the eyesof the churches, just as were 
hove who attacked the Aristotelian pkilasophy im the six: 
teenth century, Bet now, a8 then, this would be quite ine 
‘dental co the real philosophical probiems at issue, and a man 
might take one side oc the other tmespective of his relation 
to tbe Church. The opposition to the mew views af Gulleo 
‘was not based simply on religious motives as is 90 commonly 

Similarly we find at the present day that some 
‘cause men oppnt the new ways of thinking thal teow 
‘being oflered—perhaps because they have been trained 10 
the older notions vehich have been taken for‘ absalate " and 
‘moalteruble.} To adopt sew ideas involves a mental upheaval 
‘and a reocientation which sas diffcult for us to-day as it was 
in the tle of Galileo. It is a mistake to emphasize the rel 

* Son, tr emcee. the rmearin of Prot gaan, Bilal Memo. 
Landes, 1926 p23 
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sons a the expease of the logical and prychuloica oppaition 
fo Gallco’s innovations. What T wish to suggest, Uerefote, 
le thet to understand the Renalasance we, eve 10 regard It 
48 x replacement of one way of thinking—teld to be um 
‘teruble—by another, and furher that to-day we are entering 
Spon a new Renaimarce which i Lely to br as revatabonary 
abd facreachag in its consequences nthe ft nce iC (00 
involves a fotally dierent way of mepuring nature fray that 
‘which came inte being aa a tou of tbe Renainarce of the 
‘ime of Galileo. Moreover, al the signs indicate that biology 
‘will play u more important part in the thought of the future 
than thas done in that ofthe past. But it wil ot be ted 
10-00 this iin not prepared to sndertake an overhaal fits 
‘sa principles vo am extent that has scarely yet been con" 
alderes—ance theee peiciies are themeelves based 00 the 
{yntem of thought which is in process of transformer. 

1p not wiah to give the impression that in an intllctoal 
revolution of the kind we bave been considering nothing 
Temuins cf the older system which the new one duplices 
Foe example: whereas (he Avetoteion physics and mete: 
lyzca were so widely departed from by Gabice, his logic 
{and pare of is metnphyyical background) remained ad fas 
‘oly been eflectivey ercieed and exteoded tn quite resent 
Years. Galiko himalf tes the notions of substance and 
{ecient in the pamage quoted on p. 39.  Morrover. there 
‘may bave been elements ia the Aristotelian eyatem which Were 
valuable but which were rejected by the enthusiastic et- 
[porters of the new doctrines because no place could be found 
{oe them. Tn the changes in progress to-day itis na so much 
2 quation of completely abundoning elder notions but of 
Telaterpreting ther. and it may be that our new interpre: 
{ations will acternpt to embrace factors which the older once 
‘were content to gore. So soos an the belie in its abvalote- 
‘eats destsoyed, 0 s00n wil the cement which bepttegetber 
the parts of the old syptem be loaened, and (seer and eat 
Figd way of thinking will become mote geoerally pousible, 
‘with Benebcial ruts, it may be, for biological scence 
Tost as formerly it was the exatirg hiksophy which 
sbstrocted the development of sew ideas, 0 now it b the 
inertia of thought fuel! which Becomes an obstade (0 the 
alolding of new ways of scent thirkiog. But today the 
snnches Lave ue interest ia obstruction and the leu are 
correspondingly clearer 
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‘When the progress of science is spoken of we mast Bear in 
tine the two aspects of discovery and interpretation. Pro- 
{Bas in the one by Do means iplies progress inthe other 
‘While we can unquestionably epeak of seial progress in the 
‘ate of discovery, progres in interpretation has By no aean8 
been a simple serial afar. Dut & process better deacrbed us 
‘oncitatory . This is clear from a moment's consideration 
ol sone of the traditional alternative explanations which ean 
be foud in any branch of science but particularly i> biology 
now one and now anather being in favouz, without any 
decisive result being reached, and no ground being to sure as 
te be Teld as absolute and not Tabic same day to revision. 
we run over our stock of fundasoental explanatory notions 
‘we find that most of them have been "anticipated *apeco- 
Jatively in Greek thought, What 1 wish Ce suggest, therefore, 
in that we may be ay mistaken as were the peripatetic phe 
coopers of the Middle Ages if we suppose that we are in 
Posession of intabible principles of iterpretation. 

‘Belore pasting on to the (arther developments of Galileo's 
Jnnovations a few isstrations wil be wel of the way in 
‘which a wellentrenched system of thought is able tp blind 
he investigator. A good example ot this is seeo in the 
Distory of the Frolemaic aystem of the hoavens.  Prclewy's 
interpretation of the movements of the heavenly bodies seems 
(o have beta overshadowed by the metaphysical notion of 
* perfection” which bad been handed dows in the teaching of 
Aratotle. The motions of the heavenly bodies mast, it was 
held, be perfect, and, 25 the mest perfect figure was believed 
tw be the circ, it was amerted that the motions of these 
odes were in cicles without more ado. 








Tale will serve as an clementery rxample of the kind of 
“blinding “Induence which a melaphyrical notion may have 
mn new investigations and interpretations, But we must 

remember that Ptolemy was oubties: brought up i the 

doctrines of bis time, and built bis theory upon them without 

‘seciously calling them in question. Why should he? His 
SLB, Hare, Makes of Siose, Oxford, 1923. P42- 


“ BIOLOGICAL PRINCIPLES 


‘theory on those foundations fated the facts as they were then 
nowa quite wel, except in the case of the planets, and bere 
he devised the theory of ' deferents * quite im the sclentife, 
manace to meet theit special peculicities, Even when, 
many years later 1a. 1542, the Copernican system was pub- 
it was by mo means opposed sally by the Chsreh, 
[toe sous atone ame emmece van eve att 
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DUET ean Oo one Sacer Ae bauny hae Be 
RRR SRNE Sp a Ste pon by 
tard the sentence in the above passage which is 
ree est in the present dccuion Te shows that 
{yan ot onfy the” adver tetinons of the Hebrew prope!" 
Which rd Tycho Brahe te decline the doctrine ol Copernicus 
He had a they of his cnrs which ao ited the fact. We a 
stealing therefore, in this case, not scaly wih & ceafict 
between science and mrtaphyaice, But hetwren (wo. rival 
scientige hypotheses. One bad igus tradition behind it 
And the other hd greater simpli, andi was the ater that 
finaly tiumpher In this choice between the simpler of 
Iso val theeies we ace the gems ofa. characteristic Featare 
‘ot oder seenee, Thee imtanecs abo istrate another 
Frown whe isnot always seficently exphasied i Historica 
Sf ener, the lack namely. thal views and principles which 
frm abvios, even “axiomatic 10 oe, were BY RO MEANS 40 
{8 previous age. Historians ol scence are too apt to give 
te impression that we are necessary neare the tuth than 
co predecessees, and are foo much inclined to depict science 
‘a having at Jat, after many atrogges and pouibly ren 
tumizys, reached realing placa of certammty. Whereas 
another veading of history wosld suggest Unt our theories 
‘may present the same aspect to the historian of the future ax 
‘howe of the sixteenth certuy do fos, ad that be aio wil 


SH. 8. Wimlay, Hisry of Skeet, Ved 1. 6. 
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‘specolate about the ‘inlivences* which biinded 4< But 
what might thove inguences be ? Is it possible that some of 
‘a tentative ideas which have been sted and buried in the 
‘ost might bave deserved « better fate? Or have the requisite 
‘ideas for the systematication of biological knowledge not yet 
even been emcrived, owing, perhaps, to the very success of 
‘existing ones io aiding che accumolation of facts? Bot 
"The growth of a science,’ says Professor Whitehead, ‘ie 
sot primwrily in bulk, but ia ideas Accordingly the "blind 
ing infiuence " may be 2 too great reliance upon facts at the 
expense of ideas, or, in otber words, due tothe lack of a‘ laser 
and poser alliance between the “experimental and. the 
‘ational facalties "of which Bacon speaks in. the passage 
aeady qooted on p. 26. Dr. C.D. Broad, writing about the 
way in which the natural sciences develop, 329% : 





woth, Sade, spake tare 





Teva” thw faductnts cary frst cout to anyone 
Atal ite wie saesced sete ~ 


‘A good example of the influence of a metapkytical theory 
con biological thought & tarnished by the way in wich the 
‘doctrines of Leitmis and of Malebranche, eapecally the forme, 
‘weve tesporible for the perience of tbe bebe ta prefer: 
Tion Usroughout the eighteenth ceatury and long after sufi- 
cient empurcad data bad been accumulated to show its un- 
tenabilty. And if any farther instances are necesary (2 
enfoce the contention that existing scemtic beliefs may 
‘constitute a har to scentise progreny, i is only necesary 10 
recall the tratroent of Pastcor 2 he hands of the Parisian 
pbysiclara, of John Newlands by the chemists of his tine 
And of Young and Obm by thet comtemporaries in physical 
science. Afr this digression it necesary to return (0 the 
ificah peobleme which were inspect in the innovations 
lntdaced by Gakleo fata Esopeen thougst. 








XXX, pas ie 
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9 
‘Biclogy bas familivised us with the notin of development 
‘as a process of differentiation Whatever can be anid {0 
evelop shows the samme process of spbitting isto parts with 
apecialized functions, whether it be ab onganism or a human 
insutetion. We Gnd that the eame is true ofthe development 
‘of thought, and Galileo may be said to have taken the fast 
‘sep towards the differentiation of he amethodolagical or 
sclentife point of view from the metaphysical, Bt that this 
process of diferentiation is stil incomplete snd i# 
lundertood is lear fram the following passage 








There isan almost mediaeval favour about the frvt part of 
thin passage although ii dom a recent book undertaking 0 
Inatract the bilgielinvesigaoc inthe principles of physics, 
‘The wate laa Yo ace what Galo saw no clay that I is 
aqlte unnactsary to say what matter is, or what energy 1s, 
i order to investigate the goings on in the physial world, 
‘The ltt sentence ofthe above peste, ox the ofber and, it 
decidedly post-Gablean and, to 4 umophstcated render 
iuct sect strangely cacordast with the fret. He wil 
trondar bow it coun about tha. ill that" ha extteac for 
12 ie od?" wesation-coopiex 7 we should requir something 
ther than this to" produce changes” in it, and why, given 
hat, something ele sil sbould be required to" produce 
changes’ in Tt wauk) seem simpler to have only one 
* paknowable and issn fact te pation to which moder 
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Detworn the mediaeval and the modern aides tows the 
‘anves involved, the aif slandpeint which 
ruped 20 clerly escapes altagetber, it there 
iutrates the falure ta cfirentnte beeween the aclentic 
tnd the metaphysical points of view, and alto fumes an 
ramp of what M, Meyerson means when he say: 
seule tot sae ve defers apt de fas 
Tut from another point of view the pamage I have quoted 
‘ontrates the corseqaeaces of diferentintion without com 
pecsating co-rdination Tt strates, that ir to ony, the 
rane in which the porsait of science has become divorced 
from the citcal stody of scentife concepts and procedure. 
How these two stadiee came to be divorced it will Bethe taal 
of this and the following sections to explain. 

Galileo was not a systematic philwopher. He did not under- 
take to give a logical justification of bis new method. Me was 
content io explore nature with the aid of his Sew methods. 
Jagical dicovery. But i wat 10t long Before new mete. 
iyi arene which was destined eot only to oaat the AFIC- 
lelian doctrines but also 10 play the same dominating rie 
‘over medem thought as thal of Arto bad dace over the 
Middle Ages. ‘Thus no scones bad thought been act te 
from one fic form and Become asd again than it began ¢o 
Gytlise inlo another Ut Galileo was the fst modern 
“dentist , Descartes was perhaps the bast philosopher of the 
‘in typified by AcitoUe—one who had « Snt-hand acquain- 
tance with the whee knowiodge of hs tne, was respenable 
for creating & great pct of himoel, and also constricted & 
complete tetaphysc on the bas of it The point to be 
em here is that he not only act 8 aumber of sciences 
‘on their fet, but abo aet thought into a new groove, or, to be 
Accurate, into hee Sew grooves. Descartes war bars in 3596 
‘when Galileo had reached the age of thirty-two, He accepted 
tad soccesallly extended Galico's methodclogal prinpie, 
Dat be war not content with metbodology. He was rational 
{at and wanted 10 jomtity his methodology by rational prin- 
ciples. Now the only way fo understand a philosophical 
swrter fs by reading his awa works, not by ceading what other 
ELBA Menon, De Pepto de tr some, P13 
ate 
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‘people say aboot him, Conmquentiy in what follows T da sot 
profess 10 give such a2 accomt of che Cartesian doctrines 
2 will wektve the reader from the labour of conrslting the 
‘original, stil! Jest one which would setify an historian of 
phileeophy. AID 1 require to do is to depict enough of the 
Philosophical ancestry of car modera sccatific notions t0 
Gable us 10 understand them better, This seems all the 
‘moce necessary in the case of Descartes in view of the mis- 
lunderstandings about him which one meets in biological 
Tinerature, Deady, for example, wrote : 

itt laa, sty cent toe lament, Puce 





‘Two comments should be made on this passage : First, that it 
reveal a complete misunderstanding of the significance of the 
soul in the Cartesian doctrines, since the latter was concerned 
‘With knowledge, not with physiological details: and secondly, 
Dendy fail to understand that Descartes’ phvsiclogy wf the 
‘ervous tyatem has served as the foundation for all that has 
since been dane in the interpretation of that syatem, and the 
‘uodern view has an principle departed but little from the lead 
‘which Descartes gave to it Anyone can satisty himwelt of 
‘is rom a permal of Haley's essay on animal antomatism, 
ox, better #1, of Descartes’ awa trentige De f Homme. 

‘Another type of misundersianding. and ene which is par- 
ticularly germane to the pecsent discussion, is revealed in the 
following panage : 
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‘AB this is pectectly tras let Descares, in addition to being 
4 laboratory philosopher, was afte an armchait phosoper 
isay, he wat ba pilogher, for be vied hit comrdioats 
Aoriry i be TEs eh Dears bs apa) asa 
‘trochuir philagopter thet we aze heze capecally concemed, 
becaunge hisinflaence was x9 great sm this capacity (even ox. 
medicine} aa in dhe ether, and al the move sabe because it 
i lew openly recognized snd imnderstocd. I have alrendy 
‘Biven reasons for believing that iti ally to set up armebir 
tind laborntory philosophy aguinst one another as two sn 
connected and oppased emodes of inguicy. Uf our parpove is 
to think an arm chair is as good a place (0 doit ia as a abara- 
tory (perhaps better) and Descartes war addicted to the 
practice of thinking as well as experioeating. Mocoover, 
‘the way people thik to-day, whether i laboratories or else- 
‘where, has largely been determines by the way Descartes 
Thought some three cestares age. That ia why his thoughts 
age of such igaportance ‘o us to-day if our sim sto fear £9 
‘think independently. But * Operations of thought are like 
Cavalry chargesin a battle—they aestriclyTimited tx eurmber. 
they require fresh horses, and must oniy be made a decisive 
smaments.> That i one reason why people prefer to go ox 
suting Descartes” thooghts, rathec thas seek fresb ones 
‘Like all the great thinkers Descartes begins with 32 ¢x- 
proation of dixatistaction with the teaching current at the 
time. {a all that be had been taught ia the schoo's be found 
40 cxuch disagreement that he resclved te reject all thot was 
(wught merely by example and csstem and search for a 
‘method of thinking things out for himsel, for his travel he 
fhad come to the Debt that a man of good semse, using his own 
npeejudked judgment, could cone nearer "to the truth 
than by the af the scenes cntaoed in book | He 
Accordingly drew up for himself four rales which may be con- 
cisely stated as follows : Fist, to accept nothing nat ceatly 
known to be true: secondly, te divide each problem into 
art; thirdly, to prooced fcom the nimple to tbe more com: 
plex; and fowrthly, to aim at the greatest poxalble coralete- 
‘eas ‘and generality. Finding that of ai the knowledge be 
bad gained the mathematica was the tost certain in its 
emoustrations 20 accouat of its dealing cnly with the roat 
(Reoeral rektions and proportions between objects be resolved 
2AM Whitten, fables to Mattomatir, Loton, 7 
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1 fellow the mathematical method But be saw that the 
ctber scienoes depended spon other principles and in con- 
sequence it wes first vecesary 10 establish these. How wat 
it pousble forthe rantheratical notions, suck as the geometn- 
cal point and line, whic are never found in the physical 
‘world, to be applied to that woeld ? If the secondary qualities 
do not belong to the physical world, and if the sens are 30 
‘deceit how could we have any relable Inowirdge of that 
world Chrough sense, expecially when we find we have the 
Se sort of experience ix creams as we doin waking life? 
Tn his search for en abuclutely certain bess for knowledge 
Descartes instituted the celebrated method of doubt. He 
‘writes: “I thoaght { ooght 20 reject as absolutely false all 
‘panlona in regard to which I could soppose the Jeast ground 
for doubt, in order to ascertain whether after that there 
‘remained aught ia my Debef that was wholly indubltable* 
‘But where was a basis fre fram doubt to be found ? Not in 
the objects that the genes present to ws, because the latter 
toe amtoronly dceifl, wor inreusoning evn in rome 
becamse men sometimes err in reasoning. He found he 

‘tven doube the existence of bis own body, but not that while 
be thought be was something. He therefore concluded that 
‘be was certainly u thinking Deing—"a substance whose whole 
‘erence or natere consists only in thiaking, and sthich, that 
it may exist, has no need of place, nor is dependent oa any 
rateral wing.’ Thus Descartes made the individual con- 
‘sdousseat prior to all else in knowledge and cereuity, « step 
‘MRICh wan to have consequences of the utmost importance 
{e later science as well as for philsopby. The reader wil 
rasly detect a trace of this in the last sentence of the pasage 
freon Mr. Buras’s book quoted on page 48. 1t is car that 
foe Descartes the rind or soa! had mothing to do with the 
physiological processes, as entelechics are supposed to ne, bat 
‘wan simply that in man which Chougt, and was more cleatly 
sud certainly Keown than the body. "As regards the body 
Descartes made no distinction between maz and the animalt 
Both alibe were machines, but animals did not think and 
fied 29 minds ce souls. Thie is ciear from the following 
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cartes’ view of the automatism of animals, and arguing from 
‘eing more perfect 


‘tban hlemselt, since to doubt was sm imperfection, He identt- 
‘ied thia perfect being with the God of theology, and on Hin 





ier tie uae be ic els hon 


mente stand at the present day. 
eesent discuasion is that Descartes believed that knowledge 


of this censciousness was prior to, and more certaia than, that 
Of the body, and be further concluded that it could exist 


independently of the body. Now this did oot make it any 
tf the physical world. The way Descartes attempted 10 


‘eraure this was somewhat as follows: He found himself 


[porseased of the idea of w perfect being, of 
hyacal world, anruing that God would not have given os a 


ovdnean he rested ihe certainty of our knowledgs of the 


‘asker tosee how it was possible to have tenstworthy knowledge 


* Dlaeoerts on Mhated, Pat ¥. 


2 BIOLOGICAL PRINCIPLES 
Detietin the physical wortd if thi betet was ilasory, became 
Udutt would imply that God was deceitful and this would be 
Incompatible with His goodness and perfection. The difi- 
calty of the deceifulness of the senaea was oveccome by the 
doctrine that the senses were metely substevient tu bodily Tile 
‘and not for knowledge. Knowledge has to do. only with 
‘dear and Gistinct ideas and we only Rave such ideas of 
mathematical entitien. The probicm of the application of 
‘mach ideas to the physical world was dealt with in the fallow 
‘ing way. Descartes nol only denied physical realty to the 
seoandacy qualities as Gallo bad done, but he whitted down 
‘he ‘real attributes of physical things to a still more drastic 
extent, He held that such qualities as shape, motion, weight, 
‘te, Were got emential attributes of physical things bene 
they were all variable. Only oce feature remained which 
could oot be thought away, namely, Ubree-dimensional spatial 
‘extention. Consequently he came to identity pace ot exten 
tion with the "substance of the physical world, whether it 
‘was ‘etnply* to the sense of not. Moreover this was known 
‘not by sense bot by as inteLeetaal act of the tind in which 
‘sided the (Jor Descartes) innate ideas of pare mathematics, 











A word more must be said abvut * scbatance "expecially 
os accanct of the isapoctant criticisms of this notion which 
sare in progress atthe peeseat day. by substance * Aristotle 





‘of existence independently of anytbing elae. Strictly speak 
ing only God was a substance i this sense, but Descartes 
‘extended the notion to (1) that whick bad the essential atti- 
‘bute af spatial extension, and (2) that whick had the emential 
attribute of thought. The only connexion between these two 
‘substances according to Descartes was through the pineel body 
of the Boman brain. 

2 Mdiatons om ths Fiat Pllospty, 
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“This very brief and crude sketch of the Carcesian philosophy 
vill, I hope, aufice to indicate the origin of two doctrines 
Which, oa account of their subsequent infurnce, are of funda- 
imental importance foc understending the perplexitirs which, 
trom the standpoint of biologial scence, F shall attempt 10 
‘unravel These two doctrines ese: (1) the doctrine of the 
Dricrty and certainty of the knowledge of self, and 2) the 
Cartmiam dvaliam of thinking substance and extended sub- 
stance. 1 most pass over Descartes’ treatment of causation 
land bow he came to neglect time, as well asthe way in whieh 
the attempted t0 account lor the cxisteace of differentiations 
In the 00 extended bat conuimsous substance. Hut there 
none very interesting pasaage towards the end ofthe Prinsiptes 
of Phicsophy, Section XVI, which t should ke 10 quote, 
deals with ‘the things which oar senses do not perceive‘ 
[a bee re or i vrkae a antag | Dace 
acs wich eld ede aul ltt we nh 
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‘The biological reader will have no dificulty in appevcisting 
the uppositencas of these remarks to som of oar biolusicat 
theacien. 

‘The immediate consequencey of the Cartesian dualism nut 
require consideration. The surid being cut into (so utterly 
disparate parte in this way it was not surprising that from the 
UUme of Descartes onwards a coresponding ckavage of thought 
and investigation shauid alo take place Philosophy in the 
‘ld sense sow became cleft jato two branches which son 
parted company and, from henceforth, sere pursued by 
Investigniors who teoded core and more to have very litle 
imtareourve with one another. Scieoce or neturat philosophy 
‘concentrated its attention on exploiting the Galen method 
ology, taking no further interest in the problem about the 
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natare of knowledge which Descartes had raid, Its attitude 
Decame purely "adjective. Believing itsell to be in contact 
‘with reality the other side of the reiation of Knowing (be 
oowe:) cused to be © topic of acest interest. And when. 
{ apeak bere of weience T understand the physical sciences 2nd 
ae Melee semen wich mated Connie one 
poyehology ax an empirical science es we KDOW it 
ferday ad nt yet reve it rth tom the moter of 
‘seo, Phlmpby. Le ‘what ema fi “ater 
‘Phikeophy "bad bees separated from philosophy in the all- 
bewcing sense of Descartes, was eco it with al the 
‘hiss hick the expertmrecatsfung  cnweren to 
iscard Io this way the éiferentiation of thought wes set 
(ing in earnest, but whereas in am organism the ditecen ating 
‘rocess is accompanied by integration of the parts, the whole 
‘ll remaining a unity, im the diderentntion of Thought the 
‘teu parts fell asunder and remained withoat infuence on one 
another. Instead of pooling their results and relating theit 
Interpretations to existence at = whole the natural sciences 
developed a metaphyee of theie own. “They dealt with 
Descartes’ extended substance and their metapbysic was 
materialise. The pbikeoptical scenes dealt with the 
‘thinking substance and their metaphysic was idealism oF 
‘mentation, From the standpoint of materialism mind 
was a purly superfuoes epéphenomenon. "From the stand- 
paint of mentalsen the existence of anything which war oot 
Toenlal came to be regarded as $0 specslalive and uncertain 
as to be meaningless for human knowledge. But such 
extremes mould never bave been reached if the cleavage of 
the to lines of thought had not been 20 complete, beeause, 
ts a: moment's consideration wil show, tis wth Ancwtadge of 
the material world that the natural scieners are dealing, and 
Uhe interpretation of knowledge requires reference to Descartes’ 
"thinking principe‘. Bot materialism is pearly a doctrine 
_about tbe nature of the physical world, not about knowledge 
Tt holds that what people call matter is the primary stuf of 
existence, and that what people call and is some Hort of 
secondary Yi-product of matte." People do mot come 10 
toch 0 point ot view by reiecting on the natare of inowicdge 
bat by reflecting on the dlxcoveriss of sateral ecance which 
1 Ft that nied dow no rio Prt. Condes mens 2 eappew, bs 
ast Ting Opentone Oconee Fe 
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sre ron mid, and fom much ese, at we bave sea, nod 
‘cine pertecly inteligible outcome of such reGexicna on the 
basa of rach abatractons. But when the materialist comes 
to couider moviedge he Ginds it ileus fo fara place fort, 
fr indeed. fo. see ow it ix peaible at all. Phuosophical 
‘deals onthe other hasd arose for: isquinies into the nate 
‘of lowledge. Tt ha it origin in reBeniong on the problems 
bequeathed to ue by Descartes. Thus tbe examinetion of 
Anomledge ted to quite opposite vealts from the refeuons 
on the discoveries of scicce aboot catuce. Uf from diferent 
Stunting polnts we come to quite contradictory conclusions 
{e would seem tha citer one starting pit is wreng, of that 
both are in cme way detective, ad we have (0 ind sae Way 

“The followers of science at Got took nO 





these philosophical criticisms Dogar to make themselves flt 
‘and fed to the abandonment of materialism among those sen 
‘of science who considered soch things, and to its replacement 
bby the doctrine of phenomenalism How far this change was 
silistactery and what ite consequences have been we shall 
have to inguire ahocily, Materialam is obviously at a dis- 
advantage because it Eas not fest angnered the questions : 
How do we come by our kzowledge ? What reliance can De 
put upon it ? and, Whet sort of questions is it competent (0 

‘aorwer ? The materialist cannot excape from these question 


ledge either impossible or meaningless be undernices his owa 
Soundations, and his Tabours ave been i vain, It ems 
clear that if we arc 10 establish the conclusions of any scene 
‘we must have frm foundations for Bomex kxowledge, and if 
ue wcience reaches restts which make koowledge unreliable 
there must cleacly be some erroccous inferences present ot 
‘otherwise that accace involves itzelf to dhe general ruin, In 
‘other words a sdentiie doctrine which maken nocsease of 
‘Duman knowledge cannot itself be trve because it involver 
Stmtf in vicious csc ; and on the otber band, a theory of 
lenowedge which makes nonsene of wiece mst, fit te 
shom bow it is that we come to possess the large ameunt of 
‘ellnble wciatifc leowledge we do in fact appeas to Pose. 

‘A Gils secs 0 obvious tat iti bard 10 be expected that 
1 Tae saae a eich tis em ie enphiod in ar 
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5 sol be Socgotten bts tari thi ron ing the cage that 
‘we Gequently nd examples of both types of mistake 
It ill have been potion’ that Descartes’ inquiries about 
lbuowledge incloded MiD> fundamental question: 
Wat are tte fact nhch me the shes of atti of com: 
siotny“tad tata free Wu ery a 
‘Before passing ton examination ofthe answer to tha questian 
‘which i oflered by phenomenal (which appease To Be & 
‘coramon attitude among men of scince at the present day) 
[should like to ofer seme more examples of the conscquences 
of the bitarcation of thought which followed the Cartesian 
‘Euan. One general consequence which appears t0 me 10 
be ofimuceest to biologists in that, a8 a reall Of tis cleavage 
and of the raped devviopment of pnynical aacace, only Iwo 
fundamental ways of thinking have been exploited the 
Physical on the one hand, and the prycholagical on the uther 
‘Thos biology has bad the muforloce to fl between wo stool, 
{has tended to lok for aid im one direction or te other 26 
an independent botegcal way of thinkang has hardly bres 
‘riouly contemplated Had Galiko tren attracted to 
Biological probirms biclory might to-day bein a very diferent 
‘esiion and phisice might have been ese favorably situated. 
‘Bot wo heavily have the dice been loaded in favour of the 
physical way of looking at things that wren the parchological 
Domt of view has not recived ti allenliva Which perhaps 
deserves, One of the mont stiking general (cals of 
modem biiagical aaace i ts neglect of thought and the 
tmental tide f life generally. One secs this exctypbiied in 
mo many ways, Ttis hardly necesary to point out the att 
Univeral prevalence ofthe belief that what are called mechani 
col enpaetons a the ny pestle coe br, Wel 
The common ae vor 
EOE Wise when be write? Tt our scent ht of 
‘thowght to regard the operation of any wcientife syatem ws 
Getermiced petmarily by ita specie physico-chemical com 
Poaiion." In ancther place he says we accept this hypotiad 
‘eeause “tae proved itll woeful i discovery and has Bxpt 
‘1 moving in the rigs direction '. No eeson i given fe the 
(prevalent view. [e modeatly calle jae! a" babe of mind 
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which isa good habit becrmse i is heuristically wsefol. This 
illustrates Protessor Whitebead's meaning whea he sayz that 
science has remained ‘ predominantly ax ext)-rationalistic 
‘movement, based apor a nalve ‘sod that it bes ‘never 
‘cared to juatiy is faith or to explain its meanings And he 
‘adds that there is "a Nemesis which awaits upon thoee whe 
deliberately avoid avenues of knowledge’. "What ie the 
‘senge asks Professor Whitehead im anather place, "of talking 
bout a mechaziesl explanation sthen you do not know what 
you mean by mechanics ?"+ It so to be hoped that when & 
‘mathematical physicist of Whitehead’s eminence says (hings 
‘of this kind biologists wilt begin te take notice, They have 
always meeidy followed the lead of physics even although it 
has not always been very fresh physicr But it is probably 

sate to assame in this case that if Profewor Whitehead does 
‘Rot know what we mean by mechanics few living biologie 
do, Profeusar Wilson scems to be a little doubelal of himaelf 
‘when he says» "we cannot hope to comprehend the activities 
‘of the living cell by analysis merely ofits eheraical coxpodition, 
oF even of its molecule stractare alone, 

We shall, of course, examine these difficulties in earnest 
later ; 1 mention them bese simply by way of ilesteation of 
the common opinion. Then consider the prevalence of soch 
octrines, especially among physiologists, as the ‘conscious 
‘automaton " theory. er the doctrine of  paycho-phyaical 
[aralicism. What are they, from the biologieal standpoint, 
‘but devices for shouidering away the peychical implications of 
ving things. in ordre to preserve the old exclusively phytical 
point of view? Not, of course, that those who hold thet 
doctrines do 80 in any: ut the best of faith. They feel com- 
felled by the ‘facts " to refuse any other altitude, when in 
truth it may be merely that the demands and assumptions 
‘on which physical science has Been ult leave 0 loophole 
for any other point of iow, and it may be that we have to 
do simply with 1» case of “blindness (ollowing from failure 
to distinguish a methodological procedure fromm metaphysical 


And lest amy one should! suppose that these matters are of 
+ perely academic interest “lel sve call attention to their 
immense practical conerqucncet in only one Ged, that, 

ALN, Waindend, Scene md the Maser Word, Cambri, 2687, 
pe 





























* [BIOLOGICAL PRINCIPLES 
‘namely, of medicine. Here the physical point of view has been, 
td 8D la acting, the part of w dead weight of prejuice 
{pinata poychalogial std of mental dora, both in praetor 
Tedin the edie choad. The oki etapa arumplions 
‘materia render men bind to the dovion fact thet yo 
(am lara moce abot & rean's mind by talking t0 im fortes 
{nates than by Jouling at clone of his brain for ten yearn 
{not to mention the fact that whatever information may be 
sbesined by the latter method wil be of Kile wall forthe 
frextment ofthe pallet) And yet thowsands of men ive 
evated this Hives to the Beet that the ony pth of progress 
{5 this department of medicine i to be found in the hatology 
Of the bein, and In such phvsologic) information as ca be 
{leaned inthis and other simile ways te aont imposible 
{eget a bearing fc any other view tnd in the average mieical 
‘choo! the student has litle opportenity of learning aay other 
‘New theories are covered with abuse and ieivant step 
fentaicn, bet are rarely sympathetically ard intelligently 
‘iticand 
We area farther instance of what f have called the neglect 
of thought ia scientife adoration, AS w general role the 
‘ourses of instruction in the Bilegea seiences in ous univer: 
{es ser to connst of ite more than dogmatic teaching of 
the opiions corent at the time, fom the standpoint of the 
partealar texcher, with tle altempt 10 encourage. the 
ftudent to (ike 2 critical pomt of view of his own. Science 
in caught a4 something fed and stable not a2 2 s)stem of 
Iortndge whone fe and valor depen on its robulity and 
tines 0 teviee at a moments notice ite how cherished 
‘constructions when new Itets Ora new point af view ragReat 
the pony of aemative ones. Im he morpholonea! 
‘ranches expecially the student is called upon to exercise fille 
more than Eis memary. It these facts a Ubeis worat which 
(eighty to discret science nea Sratraent of ection 
och tauld be done by way of improvement by expecting 
amore than mere learning in the examination, by giving due 
ited attention fo the thearetial pars ofthe subject and 
fo the Rstoreal and logical foundations f ta thought Pro- 
force H. E. Armaerong has voiced some of these opinions in 
the folowing words 
*Tendy pil ect ald de a erething tlt 
et eterno ne oa fer mae ate ae Wt 
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time vith the question of the alm and purpose of science. 
Tt will therelore be desirable to consider this question new 


sequence, and s0 to faciate prediction, and an interference 
‘with the course of nature for the specific purposes of man 
‘And when the question is raised whether men are jastised in 
devoting their lives to science instead of adding theiz quota 
‘to the mundane affaie of fe the ansver ie wetally given ia 
‘the affirmative on the groand that the products of scientific 
{investigation sooner or Inter reflect upon the mundane pursaits, 
1 the medical sciences are ia question it ig usually urged that 
‘they have for their object the alleviation of human sufering. 
‘And in general the pursuit of science is regarded as resulting 
in benest fo humanity, and that is iis aita and justiScation. 
‘There ate, however, two diftculties in the way of 

‘this simple interpretation. On the one hand only a relatively 
‘umall proportion of scientific knowledge has, so fur at leust, 
found ny application ; 32d, on the other hand, many of the 
applications can hardly be caBed beneSciel at all. ‘These two 
<dificultles must be examined in more detail After that we 
can ty to discover some other alternative. 

‘The physical sciences have left their mack on daily life to 4 
(grater extent than any others, Medical science comes 
tecond, and may be considered rougly under the there heads 
of surgery, medicine and bygiene. Sargery is based oa 


1 Tha f not true of the moce plibsepbical madera plyscets, but 
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anatomy. medicine oa physlology, aad hygiene ox part- 
tology. These Taree together involve a very considerable 
part of biclogial mowledge, expecially if we inclode wove 
Sranchea which have some connexion wid) asatomy, phy 
siology and parasitology in the nasrower sense, These agai 
find a further application in agricnltare, It amast however be 
remembered that none of the so-called pure sciences were 
originally established and pursced with any intention of theit 
keading (0 such applications. They were carried on solely 
Jot the satistsction they brought to the purser, so that 
‘at that time they can hardly have found their juctifieation 
in practical application. In illustration of this ane need only 
call the labours of the easly mincte anatemists am the 
cighteenth centuy. who deighted in dissecting and describing 
the details of insect organization, etc. Fiven to-day’ a great 








Consider, for example. the four or Sve theories of the origin 
of the vertebrates. oF the speculations regarding the motual 
afinities of the various cockomate phyla Now, however, 
that so many apparently *wscies” investigations have Jater 
‘been found fo ave important applications Ye x clasiBeation 
‘t ziqitos) it ia common to justify such researches om the 
round that sooner or ater apyicalons may be found for 
them and that cherefore no province can be neglected, Hut 
‘spite ofthis we still find these wo pride themselves un being 

Practical men” condemning this or tbat branch of study a2 
ticles Nor is thi confoed to critics outside scence, We 
find exponents of ane branch cooking another bratch of 
science as exhausted and uscles. Perhaps the mast extre- 
‘xcinary of al eriUezea af this sort ave those that have {rem 
time to time been directed againet pure mathemaths—aurly 
4 clear case of Killing the goose that lays the golden eggs 
‘Again and again mathematical inquiries of the most abstract 
tind purmeed solely for heir intrinsic Snterest without any 
‘thought of ever Ending any application bave later seocived 
heiliant examplication in physica. OF tha we have recently 
had a remarkable example in the wwe made by Einstein of the 
investiqations of Gauss and Riemann. And yet practical men 
ary almays to bx found who deprecate euch studi ax Sancil 
and meaningkss._' But they were wrong. as sock 2nea alway, 
fre when they desert their proper fonction of mastcetisg ood 
Which others have peepared 
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But quite apart feos mathamatical and scientific pursuits 
there ary others such ax art and philosophy, which’ a0 one 
supposes to have practical application however sich they ray 
ldirectly infuence homan ble. If the prssit of scence it 
‘aly 10 be justied by the hope of finding application what 
standing Rave philosophy and art ? These, like aience, are 
‘pursued simply 'for their own sake "—often with little or no 
encouragement or remuneration, and the same has often been, 
the case with science. Tt in true tbat in modern civilised 
countries these pursnits are taught én institotions and the 
teachers receive 4 salary, but even so the pay is not suppoted. 
to bear the same relation ¢o the work done as it does in the 
[pamsuits related to commerce and the orcinary callings of fil. 
Money does, howeves, play 2 much greater part in modera 
science than it former: did on account ofthe cost of the elabor- 
ste apparatus needed for moder investigations. This state 
of affaira pate the man of science into an embacrassing poxiton. 
Formerly be was free to pursue whatever line of inquiry hit 
enéus and interest suggested UF now he accepts movey for 
‘equipment he isin danger of being expected to chow” revalts 
‘And what soct of results? It he himself preaches the gospel 
fof utility to the admiring public how can he expect (hem t© 
‘appreciate any other aspect of hi work? They val interpret 
his appeals 28 meening : ive maney for research in order 
that you may be more comfortable ; ot—in order that you 
may have krowicdge because Imowiedge is in and for itself 
food. Thus comfort ie made the goal of civilization because 
ornfort is usually the only goal that te people wo supply the 
‘money can understand, and this isthe iuevitable comequence if 
men af science repeescat the primary goal of scienoe as pro- 
‘tetion in the interests of utlity.« 
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arian jooUtcation for acence—the Qcaity, nacely, that 
frrve cf the applcations of adence are not benefal (2 
‘1 tence caine credit for and. Andy it 
betta appiatics, it must ceely alo cept 
Tpocsibility for thone that are harmful Tt mast accept 
Taga er tro foc nee, ow it ey it 
‘aay gencra agreement of opinion about what is beae- 
Karena Thre wl port mock die of 
‘pinion about such inventions ax sebmartus, pint ga, 2 
Tigiesplonve projets, Todivseal maou wh fated 
thee iateumente ot adem bazbarign ay have derived & 
temporary brace to themueives, But When they became 
aneeally adopted the only rest seem 0 be thatthe wlohe 
Siaed work) becomes commited to maintaining theme 
Sivid example of the eralaverest of caaskind by tachi, 
‘ecatae he fcks either the wil or te wit to fee Rare fro 
their tol Then thee sre these mechanical contrivances 
whose we is tot coined lo war—entasinal machinery, 
TBethods of rapid taraport, and chesp and caty sourecs of 
Smecement, exh as conrad and “wireens Ie extremely 
Giieal 10’ ames thee things because they all have Ubett 
Poulive and negative aspects. The difeeace between @ 
Giilestica with them and exe without them ia sch the same 
{the difference betweee mouse sed an azocbe, They both 
do rauch the sarae wt of things. But ene dvs them slowly 
and etary and the othes does them quchly 280 precly 
‘hanks to the possession of better tous Cao we find any 
‘pplicacon which a wholly benetical Pt might be expected 
{Ect modal science woeld rnb such af entinpe, Bt eve, 
tece objections have beca raised.” Some eagenists object tht 
‘our medical scence Reepa ave the physically and rmentally 
ting” Sinilrly bir comtol is baled by ome aa Destng 
1d by some a's care 
in the face of acl cnficting opicione the man of scence 
la apt to tarag his shoulders and Geny all responsiblity for 
thin state of alain, but In that case be canst fick oat those 
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applications whic commonly applaaded and claim credit 
weeny mem ten a 
Eiee Saee enemys 
roepreeaee neers aa ates 
tipi cr Se a 
See ee ene 
es men ca ee 
ford eee on lsraaairt 
Spe ch wertgeg ote 
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iste sc wages ahs aes alte 
eke an ers te dr tte 
‘of the aim of science, People are in too big a hurry to ‘¢x- 
ocean teria bantam 
2 ping ey erg me 
‘They epproach these questions only from the genetic point 
Ree gore myo ee 
Ser hrent ete mer enn te 
moe epee eae gcc a 
Sergeant 
disguised form, and natural selection is invoked to explain 
iis en ce rl 
free ogee, Save er 
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GENERAL INTRODUCTION 6s 
‘esthetic, tbe moral, x00 the religious, Each appears to 
bbe an activity ani geeris—oo one being reducible 10 another. 
Each, we sald, fas its‘ outcome ‘, and the outcome of the 
intelectual activity is knowledge. To each activity there 
‘xrresponds ope of the fandamental values—that related to 
the intelectoal activity being called uth. The panslt of 
sence and philosophy, the two modes of the intellectoal 
stetivity. depends on the fact that some men have an intsitive 
‘apprelreasion of the value of truth in and for itself, not because 
knowledge is useful. And not because any zearon can be give 
“why itahoald beso, We bere toach upon that most perplexing 
problem—the relation berween faith and teasoa. The exertioe 
‘Of the intellectual activity in the puresit of scence rests poo 
beliefs for which wo reason can be grcea—belit in our intui- 
tons of an external world, of other selves, and of the validity 
of indactive inference, as well as on the intuitive bee in 
truth and moral Valoes Witham James wrote : 











‘That the whole parwst of scence reste upon meal judgments 
‘a car from te fact that a man of eence who flsfes his 
Fesults doesnot break a logieal law but an ethical one. Thus 
the various activities although separate are entwined in’ 
furious way. The march tor ored, simplicity, and economy 
fof enprenion are characteristics shared by toth the inter 
ieciual and the aeubetic activites Ano’ we find. mathe: 
maticians talking of the “almast divine beauty "of certain 
ston 
“Sif therefne, natural science goes yond its own apbere 
and cefaues (0 acknowledge any other valuct Sul bislogial 
survival I undermines Hs own foundations and rans into 
theories which are plainly contradicted aa indeed abvays 
happens when reason, chang at the ocoessty of king 
sonsthing en test tres tes eical enlyas up Wall and 
es that ics own prodact issolves away ia eller septic 
‘Atsarmony ofthe activities athe owt dBcul thing to aa 
‘ecanse cach i apt to be pursued in Gregerd of the other, 
ATM MME Bat, enn, er. (hn a Eons 
sad 
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‘and in x given individue one is smseDy oppermost, Thos 
‘aesthetic values are sacrificed to economic ones wien the 
‘erection of petrol pamps is allowed to desecrate the country- 
‘de without efletive protest by a civiksation brought up 
ly the geapel of vulity. Tae objections to vivisecion, the 
iticisms of pure mathematics, and the canfict between 
‘natural scicaoe and religion are all instances of disharmonies 
Detween the four fundamental activities, ad of the dilerences 
between the judgments of valve of different mea. When the 
conflict between scieacr and religion is discussed suficient 
tare is not always taken to distinguish between confticts 
between a scientihe theory and a theological doctrine on the 
‘we band, which is a logical conflict resting wltimately on the 
law of contradiction, and a conflict between science at 
manifestation of the intelectual activity and religion, on the 
‘other hand, which is quite 2 diferent confict and not simply 
& logical one. Condict of the latter kind can only be over 
‘cou by patience and toleration and by viewing them from a 
philosophical standpoint, aad not—as sometimes happens—by 
‘neans Of speculative theories which make nonsense of one 
‘ide of the other, ox both. 

F conclade, thea, that the primary ai of a given science 
4s to discover the truth about its particular subject-matter, 
and that it ured have 20 other jusbration than the intuitive 
_apprehensiaa of men tha? knowledge, and the pursuit of which 
itis the ontcame, are good. At the same time the results 
‘of aciemtife inquiry sometimes have applications to other 
‘apecta of human Lie, and tocoe ofthese applications have, ad 
fare Lksly to continue to have, = profound ingience upon it 
‘But the reapocsibility for controling these applications does 
‘ot rest with scieoce bat with civilization 


inaportance and urgency, and t 18 pethapa part of the duly 
tf men of science as men to bring the seriousness of this part 
of ther work tothe noice of politicians and educators. But 
4M men of science cootinue to propagate the bebe that he 
‘Primary ale and jostidcation of ie potas is utility they 
Wil be undermining thes owe eureat(onndations and dong & 
scious dimervice to civilization as well. Becamse wllty, 
alle truth, is ot aa ed ia lel! But a roeane to other ends 
which In the ultimate analyas reduce to physical cowfort 
and plessare, ic. to biologic) vot human valves, Civliza- 
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ions are judged by the things which they believe to be 
valuable, a2d 1 civilization which aucoreds in so ordering its 
fire that ite sembers are suficintly wet tree (rom the 
presmre of biologi) necessities to be able to cultivate the 
Karsan values in harmouy with ouc another, insaid tobe higher 
ha oe nie uch edo ha not bees ecb, 
‘which i¢ is merely employed for the intenser gratibcation 
“lologial impulses. 

Te has been secsasary to discus this at some length for 
the following reason. ALL through the history of science its 
devotees have bee izapired by some such faith ia the aloe 
fof truth ax ] have tried to Gexcibe. The Victorians were 
never tired of insisting that their primary aim was the Un 
Prejudice” porsuit of truth. But towards the end of the last 
entry doubts ben to be rar among ren of Skene on 
the bask of doubts caised much exer by 
‘These doubts were based upon certain sceptical conclusions 
-eyarding buman knowledge in genera) and hence they cancer 
‘our present anquiry. They had their origin, in part at least, 
4m Galileo's removal of the secondary qualities from nature. 
‘They troquently take the form of a denial of te posibilty 
cof attaching any meaning to truth bet « purely practical ove, 
and 40 ead inevitably to « utilitarian view of scence. The 
upholders of this view among raen of science aze usually 
‘phenomaists. They hold that scace és rot and eannot be 
‘Smcerned with reality a8 an external word of things, but 
felely with the supposed internal worid of conscioumesn, 
find that the aim of sckeare is simply to discover meuns of 90 
ordering what appears to us in consciousness as to efeet an 
economy of thought. It is of the atixont importance Yo €x- 
‘mize this doctrine from the standpoint of its emasequeaces 
for biology. ‘This wil be our frst task ia Part {Bot there 
is sll one tore topic requiring a preliminary discusion in 
this Inézoduction. 





A great deal of the discussion which goes 0a in theoretical 
‘lology it devoted to the relative merite of various type of 
ssplanation. But one clementary snd fundamental paint 
fever seems to receive adequate attention ; the dispotanti 
seldom endeavour to state clearly what they mmean by, or 
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vehat they hope to attain by, explanation ia general. Such 
asnal expressions of opinion as we do find scattered abowt in 
‘cleatifc lterature will not a8 a Tule bear te briedee critical 
‘examination. When #0 little care is devoted to much a truly 
Soundational question itis not warprising if much of the dls: 
‘cussion which reats ultimately upon it sboald resolve iaet 
into almicsn beating of the air and what is called" angulng at 
‘rat parposes.’ Un thi section T propose to examine beiely 
‘gare common nations on this question, and then to tale a 
from fai veo wat appears ob involved explanation, 

‘ill being to light many of the reot dithcalises which 
cbstruct our biological thinking becanse, for various reasons, 
‘they arc obscured. In the sphere of morals tia s4id, U believe, 
‘that the érst step to salvation isthe conviction of sin, ¥ think 
‘we might wry that in the sealm of the intellect the primary 
requisite of progress is a ively realisation of ignorance. And 
in onder to pertuade people 10 listen to a new point of view 
it ia fet necessary to show them that alls cot wal with the 
OTe is because iologists 40 seklom modertabe a radical 
‘overhaul of theiz fuodamental notices thal ald traditions are 
penmitied to outlive their usefulness, 

‘We may begin by examining the opinions of sore binlogists 
cn the question of explanation. Protenoc E. S. Goodsich, 
(on p. 21 of bis Leving Organioms, writes: * Science advances 
by explaining. that is describing, the unknown in terms af the 
lnows.’ This, doubtless, i not intended for a formal slate 
meat, lt it 6 one which is very commonly encountered in 
‘ientéie liverature. Taken xs i stands it clearly ia mearting- 
leat the waknown can hardly be dealt with at all, much let 
described, until is mown, Moreover, If description is all 
that is iavolyed, shy should we distinguish between, say, 
‘descriptive and ' causal ‘explacatioas in exbryclogy ? 
the author does not mean what he says We can only guest 
‘what lie does mean, and uur guedses may be wrong. Perbapt 
all that is raeant By “ koown "and ‘ unknown is ° familiar* 
‘snd “unfamilia.” Hf this is ao it would seem to suggest either 
that we are born into the world with a stock of familiar’ 
‘with which we proceed to ' describe "the host of wnfasniliars 
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‘The following is more detailed expression of opinion oo 
this subject by Profeser E. W. MacBride : 
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‘ Prestraiat Adis, Zon. Sct. Beith Amocintiog. 1936 
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Aifierent baler in each volcano and there the matter woah, 
end? Would this enable ws to compare ont vokano with 
another? Na deubt such an explanation would safe for 
common-sense purposes, Dut everyone wil oe) Ohat there ia 
semmcthing. wrong with this necount of the matter trom 
‘he point of view of scinor:*  Perhepa we aball 
inh 1 we consider» tie mere aly hat 
emt bang Nyptal a hvg Coe 
them as as having to 
lated" and theo a bing, in soe cave, “aul 
visible to the uaked eye in the living egg.” Now a thing can- 
fot be both hypothetical and not hypothetical. Either the 
sible substances are organ forming (whatever bet may 
rean) substances, im which case they are only hypothetical 
in those eggs in which no such thing is visible, oF, they 370 
‘nt organ forming substances, and i that case chey we 20t in 
‘olved inthe question bet are hypthetical throaghoat. When 
sve look into the matter we find that in ost cases auch visible 
‘ales can be centrifuged away to ove pole of the egy with- 
‘ot disturbing the cours of development. On the other band 
‘here are eggs in which it can spparentiy be shown that oer 
‘ain regiona are exsatial forthe Gevelopraent of certain organs. 
CGleasly then, inthe fst case noting is gained by calling the 
‘vible’ materials “organ (arming substances” and inthe 
latter cave all that ts meant is thal cerain materials ate 
‘euential in the sense that bricks or similar materials 376 
sential for house building, but not that Uey account for 
he particular form taken by the embryo, any more than 
Tbricks account for the form of a bouse—since all houses of 
Iwrick wre not ofthe size fare. This the explanatory eguit- 
cance of orges forming substances isnot at all clear. What 
‘anally happens when exploratory cativies are" postulated * 
fn science to that hypothetical entvies ae constructed in 
oneht eich, hy ai, wed uae wt eta 
Dow some ‘And the valoe of such procedure 











epeods, it's etc on the way in which (eens 
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‘cases. When this occurs the hypothesis is suid 
to be veribed "which does not mean that it {true But 
this t different’ from Professor MacBride’s account of the 
matter: the entity postutated, far fom being ' familiar and 
‘well known ‘ may be something quite new, 28, for example, 
‘was the case with accessory food factors or vitamins. The 
‘tential cequiste is not familiarity but that the extity posta 
lated should have properties which will admit of veritable 
‘dedoctions being roade.* That is the dechive factor by which 
the relative merits of * organ farming substances’ and "en 
trleclen if they are offered 9a scientiRc explanatory entities, 
‘are to be judged. This pect of scientific explanation wil be 
further fustrated by the following quotation from Professor 
AS. Eddington : 











weal hes, tat sh caine of opr toy 
to eaters the tata relthn 400" 
SEmRi ine pacecreceat hey sy be recived nt west 


Hee Girone eat at 
soaa he Ser of the welds. ee the 
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“met hy ttt nh ct of an 
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jus discussed. The present state of affairs might more 
correctly he described as explaining the known in terms of the 
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ects Siac tia ac 
Sede aN gt Typ ae 
‘We shall now proceed to consider what is done in explana- 
sen ut sip ot be Bd Se pa 
so Saint atten ae’ eset o Soe are 
Seat Sy 
TANG 90s Se Saas 
a aa eet a "poe 
‘the word means to make plain, just as the allied word ‘ex- 
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ily Fa RES Boe ee 
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Plkate” autos to smooth out folde—to make what is ob- 
eure char, or what is complex siaple—all wich referent, 
9f cour, (o the aman Understanding. Now what methods 
fre open 10 us lor aaking the obucure mare dees? There 
‘would seem be two principal alteraatives: ether we cas 
investigate that wich ito be explained further in the hope 
of finding. that ‘what appeared complex contains simp 
‘ements, oF. we c40 seek some means of bringing it Hato 
Telation with Die tet of our knowledge. in pursing the 
Ist method we might ofcourse, alo achieve the second, but 
ven i we were not 40 Tortanate we should ave accomplched 
emething in the direction of explanation, “The sccond 
Ahernative wil aways invelve two things. (1 intentionally 
tute the vague exprestion thing "at this sags to covet both 
fact and law). On the one band stands the thing to be 
ceplaiond, which need nox by any means be “new and ue 
fara, and, on the other, stands the rest of our knowledge. 
‘The function of explanation isto bring them into “Rarmany 
4s we any, Dut what do we mean by this expression ? The 
‘hig to be explained cay simply be a yece of aboer hard 
matter of fact which refines to "Bt in“ with the rst of our 
Koomledge, oc it may be a so-called "empickal law * which 
‘fore to have anythiog to do with any other law. We 
‘commonly speak of et being able to “see any connexion" 





relations hich thas subserve the function of briaging those 
‘rida and ends of observed (acts ar sequences into harmony 
‘with the rest of Imowledge 7 As a beysnning we might take 
Hume's list of seven philosophical relations": identity, 
relathoas of space acd time, quantity or number, degrees of 
quality, contrariety, and causation The explanatary em- 
tof each one of Ihese might be discused in detail bat 
1 willsufics to consider three which ar of obvieus importante 
resemblance, number, and camsation. Identity, a2 M. Meyer. 
‘#00 points ot, represeats the ideal of the more fully developed 
tcletoen, Bosanguer quotes sory from Thackeray in 
Mlatration of the exercise of the notion of identity: “An 
bet, son among ety lint md, ppd 
tomy." A peiest ban someon: wy, Saden, 
feet han songs epee; why, fee, my 
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ssoblaan of the neighbourhood enter the room, "Ah, Abbé, 
‘ere you are do you komm, ladies, T was the Abe's Sr 
‘penitent, and {promise you my confeion astonished bi * 

‘Relations of space and time, axd particularly the sig- 
nifeance of the fodem views of these notions for biology 
‘wil be diacsased sn Parts Tand TI. 

(i) Reseablance. Resemblance plays 4 great part in the 
explanations of every-day ie. Any common feature which 
rubles wr to aaamilte the new (0 the old wil suffer to 
Gocket our daly experience. ‘Sat reembiaace also plays an 
Important part fa the camiSicatory stages of acience, and here 
of eourme “degrees of quality” have their place. Thos we 
tpeak of explaining the taxonomic position of an animal o¢ 
Plant when we point out those featares of resemblance *0 
thers which give fl ita place in the clasieatory system, 
‘There is another use of resemblance in biological explanation: 
all those ingeslous devices. by which organic phenomena, 
toch as amoeboid movement, are imitated by droplet. of 
various inorganic miatores, present ws, by resemblance, with 
{mr intellect bridge between the argzniam and the inorganic 





(2) Number, x cates where units can be assigned in some 
‘way to what isto be explained, {t may be posible to establish 
‘numerical relations between things, either with or without 
other types of explanation in coojunction with them. This 
ako, of course, involves the notion of identity, since thi 

method, if tis te be succeful, requires that the unite can be 


treated a if they were only wwmerically diferent, Tf the 
‘america relations can in any way be generalize inductively 
this soethod gives us the power of precise prevision. In 


{his sectios i il be converter to Getognich this method of 
‘explanation as calcwlaion. {t can only be employed when the 
entities involved have extensive magnitude, or when they are 
‘countable. 

(@) Camation, This is commonly regarded as the ex 
planatory instrement jer excellence of science. Here again 
there are different degrees of precision and synthesis on 
difierent levels of thought. Common sense is content with 
amigning causes to cfleets without regard to the further 
‘Telatioes between cases themselves. A spat of ight dancing 
‘on the wall is volliciently explained sehen it is found to be 
‘cansed by sunlight reBected fom a cup af tea on the breakfast 
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Chie, bat science sock to amimllate ta canoes to ane another, 
Mill wrote: * Explaining inthe sient seave, means rovalving 
an nailormity whichis tot «law of cansation info tbe ies of 
‘nusation from which it rents, or 2 complex lew of causation 
‘ato simpler and more general coos fram which itis capable 
of being Gecuctively interred” How this account of the 
Tuatter stands at the present day, and what exactly we mean 
by causation in biology, will be considered in Part J. For 
the present we may underland the terme came and effect 
ta their moat popalar and homely sense. ‘The reat of thin 
section wil be devoted tox mace detailed consideration of an 
Imaginary example of explanatory procedare and some ofits 
coamequence 25d s Lite mest frst be said about what 
‘cceastons the desire for explanation. 

th daly life tithe waaua) a50 cofernilar which atracts 
attentios and demands explanatien, and this in fura ¢ usually 
Salaed by any srt of elation te tbe familias. The behaviour 
fol x man standing on his bead in the street is explained when 
twv lara tbat he ts doing it for 2 wager, ar for other peoples’ 
Amusement, or that he i insane. Sconce ali saris wat the 
fxcitation of interest, but i doce not raake the familar 

ings of dally life it bass of relorence, Ut rather ia tasting 
poiot The tas of scence is distiogaished by his ability 
(e'be reyiled ky ceturencea Which ent mo wnadet It 
very-day Ie, and, moreover, by hit persistent refusal to 
‘ratinve tobe mystibed by auch things. Action a a distance, 
the growth and development of animals and plants, which 
onstitote tach perennial problems for sconce, present 0 
Aifbclics to the agreulturad labourer. He deals ith them 
dally, they form the very warp 256 woo! of his existence and 
feacite no wonder. fa the man of seicnce Likewise the problem 
‘of koorlcdge "which Is such « pusdle to phlowephers excite, 
‘0 islerent. Knowkege isthe stuf in whic be trades, ad 
the intellect the peincipl too! be me, but they are not Uhe 
objects of his cunesity. And if it be true that science ata 
is this way with the familiar, ts explanations can haxdly be 
in terms of the taaiar, except in the easly clasifcatory 
‘ages wher some familiar things 27 shown to be special caca 
‘of other more general famibar things It is cicer that aa 
science advances it most get further sway trom the fails, 
and therelore from the “inteSigible* inthis senoe of that 
arm, ual ie creates & new wort of familias fr itself, amis 











‘At a too complacent and cock-sure presentation of 2 sccatiie 
theory. We can now tar to the imagioary exazaple 

‘Suppose we are sitting im a quiet room and cee «chair 
suddenly begin to move across the Boor. This it the kind of 
event which clamours for immediate explanation, for the 
‘abviows reason that chairs do not commonly behave in auch 
away. If we are not too much paralysed with Sear our Grst 
Impulse may be to investigate the caste of the roovement, 
‘Toare are plenty of apparently mcamed mavemens going 
x about ms which excite neither fear nar interest, But che 
rmovernents of chairs do not belong to this ist. Something 
wwe say must move it, and lear 1s quenched and curiosity 
satigied by the discovery, let ue say. of Diack thread attached 
to the chair and some Gciend concealed in the room whe i 
palling it. Comunon sense would probably demand no moce, 
bb there are two priacipal ways tn which a less easly satsded 
‘curiosity might proceed to continue the investigation farther. 

(1) We might employ the calculating method—asking, (ar 
example, how much pall must be given to the thread to yield 
2 gives amaunt of movement 1s the chair, This method 
‘ads us to the laws of mechanics giving us conbdence arising 
‘out of predictability and in that special sense we may be said 
10 understand the proce better. But clearly the intellect 
emands more than the ability to predict the possble move 
‘ments of the chair, and such an achievement leaves hosts of 
further questions snanswered. We may therefore proceed 
in another way. 

(a) We may discriminate different parts i the whole 
process, and ask what exactly bappens in each part, and 
Detween the parts of the whole, Far exumple: What 
happens between the chair and the foor when movement 
‘ecura, in the thread when itis stretched, in tbe man's body 
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sre be pall, or in the man's mind prior to the event #_ Tn 
otag this we have serely made n pretiinary analy of the 
ele "proses und aun the pars to Ue snort of 
sechenies, physiology tad anatonty, and. paychology. We 
‘ight pow try t0 apply method {x) tothe ress of such an 
‘nalysis—the latter having supplied thie method with new 
problema. We should’ this be extendiag the. caculating 
[roses and the power of ptevisim {so far as ela sequences 
[Sl events ndmiting of grneraliatin coud be Gncoverd, and 
km this opecial sense we abou}! be extending the explanttory 
proces, Bot there woald be diffealion extending thie 
method very far to what happens in the men's body, and, 
Apparently, no poouDasty of doing 90 at ain the case of hi 
mind 

‘Anatomical investigation reveals an Smuvease complexity 
‘of farther parts, the mataal rlationm between which call 
for exphmation. We may be said to have explained the 
(rasing ofthe theesd when we Dave shown what tases ae 
fnvolved and bow they act upon the bones. But just as the 
origical movement of the chair Gemaaded a cause, 0 we ask 
Sat mths he maces contract The dscovery of he 
decve a cleeorntary propetis 

a coed coon tnieeg y itm voles 
fause.” Bot the farther pursuit of azalyis tll carries ws on. 
‘We ae thatthe nervous impale offers no explanation of wat 
‘happens in the muscle Its, but here we begs {0 reach the 
1umuts of pereepeual analy. Exact the suze thing happens 
in the piel analysis ofthe chair, the door, and the thread, 
aod here ie might be apposed that the proces won cout 10 
fan end. Bat, as everyoue knows, we ore indebted to few 
sen of genits for the Gecovery ofa means of continuing the 
‘analytical oethod farther. Bat efene wet to this we USL 
‘aseby cousider what happens when the analysis tured 10 
‘he slady of what happened in the man's mind prior to the 
vent. 

ere we once more make mse of the relation of cawe and 
icet for explanatory porpones. To daly Die and in coms 
ol Law motives are mventignted with 8 view Lo the discovery 
‘of the causes of hman actions. In the present caus an 
faquiry into the characte of the man who piled the thread 
‘woe petbape reveal the motive which lead to his behaviour 
Te'was perhaps done for & joke to fighten the oocopaat of 
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‘the room or perhaps as a more serious experiment to ste how 
bbe world ‘react’, and vo ox. Some people are sufficiently 
interested fa these things 10 inquire more systematically, 
‘Punue the came methods of observation, 
lacibcaton aod generalization as are employed ic the other 
sciences, bat when we consider the subject matter how diferent 
it acema from that which we encounter in the other parts af 
‘the original peocem. So far is this the cage that some people 
teem to consider Usat the scentifc method cannot be partued 
at all inthis sphere, others appear to resent any such attempt, 
and yet others to believe that the atterpt is doomed to fallse, 
‘The "chain of events” so far considered belore we cone to 
ask what happened in the man’s mind are all events which, 
‘e2we aay, take place in space and time. In the investigation 
‘of motives we can still tak intelbigibly of time—the motive 
roay have originated at a period relatively remote, and the 
‘whole act may have been deliberately planned, o¢ the man may 
‘have acted "on the sper of the moment. ut what ase can 
we make ofthe notion of space ? Can a motive have position 
"in* space ? Does it pomem extensive magnitods ? What 
relation does it bear to spatial things? tm thing in the ame 
seme (whatever that may be), and if not what sort of an 
entity in it? These are some of the questions which arian at 
‘thie point and we shall recurn to them—in 30 far as they con- 
‘em biclogy—-in Part 11, and some of thers will arise in Part I. 
Meanwhile we most return to the question of the contimaation 
‘of the physical analysis where we left it at the limit of per- 
ception. 








‘The fact that the analytical procedure of science can be 
denture he its of prepeuel analyses sto 









‘or carpuscle of the phytical 
sciences, This has been employed in two principal ways. Qn 
the one hand it bas been used for the extension of mechanics 
{nto the infer perceptal warld, and oe the otber hand, for the 
‘explanation of the chemica) changes cf bodies. fn both cases 
material bodies are cogarded as compote as contrasted with 
theic apparent homogeneity (oaur senses Tn theiremployment 
in mechanics the particles have arcoanted for such phenomena 
3 the pressure and expansion of gases, these being conceived 
(us remulting from the motions of the particles whlch, for this 
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Purpose, may be regueded ax ultimate, But in their appit- 
‘ation to chemletry such particles are considered to be ther 
sefves particulate, and the varices changes which bodice aro 
‘observed to undergo, of the kind distinguished x chemical, 
‘ce interpected ax resulting from the Gecomposition of such 
paras‘ thei ecampadn Into other Som fom the 
‘nore whimate ones. 

"Now in both these cases these particles ca be represented 
in the imagination, ie. we can form images of them. Bat ve 
‘an oaly form images on the basis of perceptual experience 
We can anly form an image if at least the elements of which 
i ia oustitated have been giver ia perception. And auch 
‘mages ure usually formed on the basta of visual perceptual 
‘experience. Incidentally sioce all things given in peroeption 
‘re spatial things, al images we care to make Co ourselves will 
‘so be images of spatially extended things. Now it has been 
‘the custo to cepeesent the particle of mechanics ab a zainate 
sphere, and the atoma of the chemint are similarly repeo- 
ented. “But the image will have wore than shape. Tt will, 
or example, have colour and perhaps other qualities which, 
however. are not essential to its ue in acientifc explasation. 
‘On the other band, the physicist endows. his particles with 
Dropertiee which canoot always be represented by the image. 
For the purposes of mechanics Uey need oply possess mash 
land velocity. Similarly the chemist endows his particles 
‘with “chemical afinicy “of “attraction. In the extly days 
of the atomic theory this was represented in the isagiration 
bay hooks ani roughnesses, just as i is still represented by 
lines or" bond” in ows formule. “Bat such primitive reakam 
has long been abandoned. and the place of hooks taken by 
‘kettle charges which cannot be represented by an image, 
‘Even if we think farther about the shape of these particles 
‘we ee that the image which represents them as a sphern is 
inadequate, A spherical molecule may satisty the reqaire- 
‘eats of mectanics, but will be repudiated by the chemint, 
‘who will point out that in most casee it will be composed of 
a east eo tous, Similarly moders theoretical phyeice 
reqoires that the atom itself should be particulate, Thos 
wwe mee that an imaginary particle which is adequate for 
cone science, oF for ase stage of the development of a science, 
may not be at all adequate dor another. 

‘Now we have fo inquire into the rile of these hypothetical 
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petticles in explanation How do they stand in regard to 
(he three mxplanatory relations of cearmblance, mumber and 
‘camation In 60 far as we can make images of them they 





becatue we know what it would be ike to be pelted wih Canis 
balls But the corpuscular bypottess enables us (0 do mee 
than this. The parties canbe leated like visible material 
bodies ip accordance with the Newtonian laws of motion, and 
mumerois properties of gues can be predicted and many 
‘empirical laws brought togetber,€4. Boyle's law, the laws of 
halon, Avogadse's hypothens, te —all ax the resi of 
‘he slatietieal eect of partcics endowed with mass and 
velocity. Moceover we see that ths ceauit is eeached. ine 
Sependently of the images we may choose to frame of these 
particles, Allthatisrequived stat they should be mambered, 
{dha theie average mass and velocity should be 18 vom 
‘vay ascertainable 

Tate ow come to camatin, This wet to fl oto 
lew in the calelating process: given particles in motion 
ta np more seems to be requ. Bat that something she 
{5 believed ta be sequired we have already seen from the 
passage quote! above oa p 48, where we read that  ° Roergy 
{2 the underlving caxse of al changes in matter Thun the 
notion of energy appears fo be introduced when we ask what 
1s respoasible for the movement cr the chemical arrangement 
‘of the particles. Temperature changes accompany chemical 
‘transformations and we say that beat—a "fot of energy — 
{svabsorbed ot evolved. The particles it gages are 524 to 
‘posers "kinetic energy which is" given up’ to the wall of 
the vee on impact and marilets tel! as eat or mechanicat 
stork. Thos over and above the parties and thelr motions 
seething ele seems to be oecesary. This extity in abo 
‘aid to be reanurable and s0 fds a place tn the cacoating 
Proce. Bat energy cansct be reprsented in the imagination 
because it is aot perceptible entity. We see the billiard 
tal rlliog and fc it strike the hand but these are supposed 
to be the efiects of the energy, nat the enerry tell. Ths 
vee toe able to think about exergy without being able to 








planation and that Ube 
ihikty in virtue of their resemblances to perceprtal things. 
‘This {8 actually the case: material perticls and atoms are 
concepts, and the images we form of them are only misleading 
representatives of them ix the imagination. They may even 
lead to an incorrect use of the concepts, Thos Prot. 
Schlick says that the ase of images is no hindrance 40 long 
as thee representative faction ix remembered and 60 long 





‘But now the question arises: If we drop our images what 
Ddecomnes of "intelligibility “7 Clearly there is more jn this 
‘Question uf explanation than ‘mee the eye’. Can we 
‘eapeet no more of scicnce than formule with which we can 
cakulate the coane of events, ar some of them? We evis 
‘denily requite to learn more about the mature of coocepts 
and their tile in thinking, Meanwhile we may note at this 
‘tage what the canseqsences of nese reflexions are for biology. 
‘We cannot expeet theue physical and chemical hypotheses 1o 
{do mote for us in elogy than they doin the sciences in which 
‘hey originated. Tn physics their great merit has been that 
they formed the starting poiat for tbe proceat of calclatina, 
‘oat s0 far in bicogy this i true only 10 2 limited, although 
inereaalng extest. In chemistry they have aided the investi- 


1 Aligensias Fsbo, 20 Andage, Beta, 193, 7.20 
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antioo of chemical changes and consoquentiy they have also 
‘Seen sell inthe stady of chemical changes in onparims, 
Bar thece ase covpuscas bypotbencs in bilngy of quite 
nother Lind. The wid be cramioed in detain thei peper 
lace, Ht sulices to tection bere that the soe PCs 
Epply to them as apply to corpeculer theories i= pra 
{Rey invade concep and any image we may think peoper 
to make of such concepts is Likely to be misleading. 

es intereating to note that modern physi Das som 
reached a sage when Is fundamental concops are no loget 
ctorable in the imagination. "This ie the case with the 
Tocony of relativity, and aio withthe latest developments of 
the doctrine ofthe sien. That Mr. Bertrand Rowell writes 





oth 

Wetop 
‘Thus when calculation reaches the highest degree of generality 
ntebigdoiity in terms of images and hence familarity di: 


of science sometimes say such unkind things about 
‘mathematicians and physicists. They foe) they have been 
Het down’, “Now we can appreciate the fall significance of 
the wards of Professor Eddington already quoted : * Ths the 
nltimate concepts of physics are of a nature which must be 
left undefined, we may describe how they behave, but we 
‘argo state what they are in any terme with which the mind 
is acquainted.’ It wauld, 1 think, be more correct to say 
{that such concepts can ony be defined, and that such definitions 
are the real subjects of any propositions we roay assert about 
‘them, any images that may be or may have been associated 
‘with ‘them being irelevast. in the development of physics 
there has been # sucoessian of ws mach representing the best 
groeralisation of the Knowledge of the time. With each 
improvement in instramets of precision for obvervation bas 
g00e @ revision and further generalization (in some cates) of 
*Owtine of Paieusphy, Leadon, 1927, 163. 
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‘the laws, cach previows step being recognised as only an 
‘appcoximation. "We impose « rigid scheme upos oature ntl 
‘Oat powers of observation reach a sulficient drgree of refine- 
‘ment t0 show how far it ls false. In a sense it w the errore 
‘of exch scheme which have lead to the next step forward. If 
ita rigid schemes were successfal physical science would come 
to an end. and it would, perhaps, be decribed as having 
atuaiged to what is sometimes called “abrolute truth * 
Physics proceeds not 20 moch by the ditcovery of truth, but 
bby the elimination of untreth—ao far, at Feast, a8 rts tajor 
(generalizations are concerned. 

‘We see, then, that corpescalar hrypotheses play « double 
ale in the physical sciences. On the nec hand, they have 
(Provided @ starting point for the procsses of calcolation— 
Jetting in, o to speak, the thin end othe mathematical wedge. 
‘And oo the other hud they have offered wn explanation in 
smother denae--renderiag natural processes inteligible in the 
imagination. In the earlier day» of physics theee two rcles 
‘were sot separated but advanced hand ia hand, It was 
believed that not only were we by them enabled to calculate 
‘and 90 predict the coarse of mature, bt thal we were obtataing 
1 deeper insight" inte her doings. Since then, however, it 
bhas begun to be realized that the explanatory rile of cor- 
pascular hypotheses may Jead we astray, but that whatever 
becomes of them the calculations that have been based upon 
them stil remain, because the results of ealewlations cant be 
‘verified, but the hypotheses regarding the nature of the cot- 
ppunces cannot, Hence there is = tendency in modern physics 
to concentrate more on processes and heir calewation than 
‘on the nature of things—just as Galileo had done. Some people 
‘are thns ielined to aay that all explanation is lhmocy and that 
All we can do is to calcalate the course of nature, not to under- 
stand her If this is toe the consequences for biology are 
obvious. There has been very Ltle calculation in our acienee, 
but a good deal of explanation . Much of it has been genuine 
‘iological explanation, Le using biological eaacepta, but some 
Than involved the vee of corpascnlar kypotheses borrowed 
from the physical sciences. The fate of biological explant- 
‘toms of this type wil therefore be wrapped up with the fate 
of the physical explanations on which they depend, conse- 
_quendly it le necenaty fort to endersiand the present pasitian 
in physical science that wech axplanaticos occepy. Ut will 
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sho he clea from the above that there is ranch tobe dene by 
‘ray of enderstanding the use of tnagination an conception, 
Dartcalarly in regurd to tar woe im the postuiation of hypo: 
Doetcal entition Et in cvident that phytcx and chemistry, 
having developed cartier thag te other acienons, Have, 0 
to epmar, set the Gahion in this ceapect. ‘The hypothetical 
Uncles of physical science have been imagived on the basis 
‘of perceptible physical objects. Consequently when biology 
began co develop fe found an explanatory apparatus alwady 
toband with which capursoe analysis Had hology developed 
fine itis at least poncble that its indrapereeptval enties 
night have been comocived on bislgical model, and physoe 
might then have ezployed the notion of the organize body 
foe'te analyais. Phyeics would thea perhaps have borrowed 
ftom biology, intend a vice versa. Us interesting, ereore, 
to note that some Bakogical concepts each as" organization * 
and" organisn " are_now beginning to introde {9 physical 
schoce. But there ae special reasons fa this which sil be 


ror ett at pte 
the notion of wit 
phynicets hae been guided by what pilsophet cll the 
‘ategory of substance, snd from what has been aid will 
be understood why this category has ben the wie of 0 
‘och ertcima fom ts stzodpast of phe) science In 
eoent youre Straar cries have been directed agunst 
the exingcy of easton. Tt wil be part of the ony of 
art T to daca che nature of thee excremely general sation, 
to study their uae inthe natural science, and to investigate 
the ways in which they have Deen operative in Blay 

‘Betote we lave. for the present te quasi of the eof 
images in explansion, i shone pitted ot tat the 
legstge of the snails of ot orighal Emagiary case 
of the tan poling the cha, whon ter come fe orate the 
‘ental proctenes Invsloed, inager fal alsgathe We 
‘nao fone ny image ofthe ab motives bec hy ag 
Sever given to's ta perception We know theo prey 
by" having" them eure, and we can form concepts and 
this about nich things jos as we do abot the things of the 
pernptan and iatperpteal works Bat the tec that 
{hey cannot be epatiakaed 2 stnabing Bock to any and 
sccouts forte frastene of tieps to tink oooh loge 
ia spatial teens. ‘We shall son encouster some of the 
consequeons of tach attempts 








‘by matbematics, And now that pure mathematica and formal 
logic are regarded as (wo aapects of one and the same discipline 
‘his union Becomes emer stil. Biology has yet to discover 
the aecemity fr the viete of patience Ut lin the meta 
physical etage : 100 eager to pres oo to starting" conclusions" 
‘ther than to devote eriucal attention to the purification of 
its concepts and making more sure of is Soandations. "The 
secumultion of data, S80 leu the erection of apecalative 
‘theories, i not enough. It is hoped that the truth and 
An of this contention will become clearer in the 
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PART I 


THE DATA OF NATURAL SCIENCE 
and 
PRINCIPLES OF SYSTEMATIZATION 


CHAPTER 1 


Pruwowexaisn axp KixoRED DOCTRISES 





be seen not only in the writings of those who have studied 
phenomenalism ard embraced its point of view, bal it is 
‘tho discernible in current writers wha do not appear to be 
folly aware either of the source of their opinions or of the 
iraplications which the phenomenalistic doctrines commit 
thers to, The leading spirit in thie movement hat beer 
‘Brost Mach, He comes searest to being a" pure” phen 
‘omienalist. But { shall also extend the terms" phenomenaiist * 
‘to a pumber of other veritere who profess belils which are 
sonar, in thei consequences for science, to this. The doctrine 
fn best inown in this comiry throngt Professor Karl Prarvoa, 
‘There are important differences between the views of Mach and 
Pearsoa bat these do not affect their conclasioas aad their 
‘attitude towards science. 

‘Mach’s best kncom book The Analysis of Sensations was 
first published is 1885, bat I shall ase the fifth German edition 

4 basis for the following remarks. Ht shouki be mid at once 
that it is extremely dificait to criticice Mac's views because 
Wa impossible to pin hice down to definite assertions. When 
‘we think we bave found one and that we are beginning to 
‘understand the position see find in another place that what 
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xemed to be & deSinite assertion was, in reality, only intended 
10 be capmeaive of "provisional point of view. 1h fact 
Mach deftaitely says in more than ene place thal he does not 
foller a system of philosophy bat ealy provisional attitade 
in hich cence. fred om a ewan gastos, wil be 
ible fo porsue its investigatioos ix peace. This seems lo be w 
‘characteristic comunan to mont of the phenomenalistic writers, 
‘and consequently the critic is committed (o all the difficulties 
‘of a guerilla warfare. So trae is this that Dr. Broad, in his 
‘examination of pheoomenalism in Paception Physics and 
Realty 's compel, in order to eritciae the doctrine, to 
nyent arguments for it hizell | 

Ta the Pretace to the fourth German rion of Die Analyse 
‘the Author states 














“This ability co give freedom from intcllecrl discomfort i. 
fe shall see, one of the great Claims of phenomenal. 
We shall fad that the discamter in questa ares Irom an 
appreciation of the divulties of ceria problems around 
set etapa ingsty Ins tred sake the begining 
of be tandem cra. Thowe who Rave ot 

locomfort wilsot of rouse, fe much ped or the tua 
‘fered by plenornenaliam. and i wil be dificult for them 
1 take much interest in a criticism of that doctrine unioat the 
‘ature of the origisal probics is cought home to these. The 
‘question which seems lo have occasioned 20 much diacoofort 
{Mach isthe question of the relation between the *phyweal * 
find tha" peychical. "He believed fe ad found a way out of 
this difically ehich showed the problem 10 be an iieory ane, 
and one which cuald, therefore, be sally anglacied by soence. 
‘All such problems he considers to be elther non-enistent of 
‘Mhacry abd insolable. Now iti, I think, very important to 
note that the starting pots for Mack's inquiries was not the 
Problem al knowledge—oot an attempt to nnmwer wat Ihave 
‘aed "AGlls question "i order to Bed» frm foundation 
tor kooeledge—but ax attempt to overcome & 

‘idicalty which had occasioned hizn"intalctsal dhaaeslort 
But it waa by means of « theory sbowt keowledge that be 
“Bag. teu. Cicage and London, 1946 


FRENOMENALION C7 
tip to do thls, and that is why his views si impoctant for 
(Go preaant inquiry. Neverthrles itis well to bear in mind 
the tuetaphysical motive which undestis 

‘Mach begins by examining the notion of physical’ object" 
“ody, of ‘thing’. He employs zouch the same Wind of 
arpursents a2 have been farrliar since the time of Berkeley 
‘to show that all claims to knowiedge of a persisting thing 
‘apart from its closr, shape, and other qualities is Wlusory and 
fale, Theretore he considers that we should be content with 
srgarding it a8 simply a collection of ‘veasations ar" ee- 
‘mente’, a8 he calle them, which happen to be mamentarily 
connected together, without attempting to account for why 
‘they go together. "That attempt he coosiders to be extra- 
‘eentic or metaphysical 
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{must be understood that Mfach docs not deny the great 
‘practic simplicity aad uulity of Ue potion of the physical 
thing. but he considers that it is scieatiScally icadmisible 
‘because it leads 10 unuurmoustable philosophical problems, 
He next disects the same sort of criticism against the notion 
cof a persisting "seit", “ego ' of“ subject" who is ordinary 
said to ‘have’ oc ‘sense’ of “experience” these sensations, 
ay Mach cally thea.t” This, 100, he considers, consists, on 
tlllmate analysis, of a seties of “elements* or sensations, 
= com on which, we al ia of 

jective " experiences, ruck a6 pleasure esis, 
tc, oF of thove in conjaction with the sensations of colour, 
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touch, et, which we sappase ourmiven to peresive by 
fof the bodily senses But in those cases to, all we know aro 
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simply of describing the caanexions of these elements. It 
‘we happen to be investigating the connerions between ele 
‘eats both belonging to what in our bad old habie we cal 
the exteroal world then we ace pursuing physics But i one 
ling It the outside world and the other "passes through fy 
skin". 16) then we are paychologiss. There i, according 
to Mach, no fundaamenta) diference that need trouble uit 
Is all u'mnatter of connexion between elements. The only 
‘Point of importance whichis to decide between oe description 
And another is one of economy. The object of science in £0 
fect am economy of thought, On p. 29 Mach says, 

sat pawn tse per nea erin it 

Worms "Ko otter sien: Yael cane Tea on acy 

Soeur 3 memo” 

Acinextremely dificalt to find anything positive in all these 
auseruons. They consist forthe most part of denials based 
for waditional arguments which Mach ‘takes over Irn bit 
redeonsors without any attempt to discover a fam in ther 
Mach doce not aseert conastrntiy that onty the "elements 
sat but that these ae all that we Anow ps thelr coonexns, 
But these connexons are themetves,actording to Mach, also 
"enmations “at ast in the ease of spacey and dimen a) 
hence only elements ameng other elements. How we dass 
tee elements is, for Mach, parely a matter of convenience 
‘The method of everyday ite, which regards on stax qualities 
and propetica of physical bods, and the other as belonging 
In some way to a” pecoa. "or sel, according to Stach, 
{Tite ndiperaste—rwby he doesnot say —for ou dl ase, 
‘ut usles for science Because it Ieads¢o insoluble dificult. 
Science amast therefore treat them all on the same footing, 
and find a way of dealing with tbez whichis independent of 
thn sumption, a tht oly gusting principle we rogue 

F this purpone is that of conoeny —w pncple 
playa & feat pat in. plesomenalini wettingn to 
Schemes are equally succesful in accounting for the conne 
Jenn ofthe lament, and ie predicting what sensations ‘we 
are (o "expect "(whatever that sy mean), prcferece is 
Be gives tthe ome wach i most comanieal of thmaghe 
Tals throws light on that intelectual discomfort to which 
‘erence hae already been made. Its because they cost him 
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to ee doctrines be wishes to overthrom. Scenes Ia effred 
‘2 an infelectant Mbourcaving device 

Sore critica repeeaent Macs ax hldlng the lew that only 
sensations exit that of sensations 
fin his eum) and nothing aie Uf this wee the case wt 
‘Sold Know exactly where we stood with Mach, and ft would 
(ot be dficlt te crcine him Bt this is the case seme 
Inpasite to understand whet he mnens when, for examele, 
tevsaya.as jn the pasage ht quoted cn 8. thit the 
tlogial tk of scknce te provide "a8 peviect swans of 
Crentating Bimaeil’ as pouitle fc the” homan individea” 
‘i true that Mach does not say co what the humas incividnal 
18 To evientate himoell, bot a4 be speaks of the biologial 
task of science he presumably mrane his ervisonment, New 
although he has aad that the envitonmen lato Be regard 
4s a teres of “cements” and the haman Body and “ego” 
Ab Alo a tris of ements ofthe samme fcodamental a 
he has also sad that this oly a” provisional point of view 
for the parpone of mental economy and forthe aveidancr of 
intelectaal discomfort Consequemts. when he speaks of the 
‘raman individeal crientating bimsell to hie enviconment be 
in presumably to be understand in ome eralatc sense, other: 
wrise what does he mean >” Weal can be meant 0 one set of 
feanations as tach orientatiog isll to another 4¢ 2” Again 
Mach frequently appeals to the doctrine of vation to 
account" for variout human mental characterises. Fot 
taample, he wishes to show that the purult of sence 
evelipment from proceees which are to be reengnioed even 
Sn amoch leas highly-evotred animale. Bat what meaning ean 
wwe give to evolution if tt not tobe understood realatrally, 
Te, Sra process whieh has happened ia real animale and pam 
AU's time when there mere ne human indivsduas 10 How 
dd think aboot them ?'T1 evatolion is coly an explanatory 
ict for accounting Sox the contexiona betwee sersatiOnd 
(wbich i the eae with all sciratieexplacations acording 10 
Mach) then we cannot employ it ax Hit were more that & 
fiction lor eccsomiting thought. On the other hand, in inter- 
‘rcting ft realatcally we are clearly going beyond out im 
Biedately given “acmations” berawie no ene, not veh A 
Phencencalist, has cootended that evokes isa" wrath.” 
{cls am interpretation. Bot an interpretation of wnat? A 
phenomenal yuaat anewer' of sensation, since Use a8 
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PDenomenaliticaly. He recommends phesomenalism as a 
Uoctrne for science. Science, apparently, isnot able to tll 
anything about reality. That is solely the busines of 
metaphysics. The province of natural scimce “doesnot fall 
‘outside phevomena And ‘io onder to waderstand the co- 
fxinenct and sequence of phenomena, natural scence Takes 
Inelctual construction of theit conditions Ts matte, 
ration, and forer atc but working ideas, wed to understand 
the occurrence of certain events’ To find and syteratiza 
the ways in which spatial puenamena are conected and 
‘nappen—this ia all the mark which theve conceptions aim 
at) Thos while metaphysics and natural gcience keep each 
1 ita own Duties, « calision is inponbl.” But Brady, 
‘while thas reccoumending pheoomvenalian asthe proper stand 
Paint for oatural sence proceeds next to show the inability 
Of much a doctsing fo neat for al the facts of experience, 
la. ta omdertake the tsk of philwophy. But Mach mae 
so wach aims, He expresly ay>: Es gibt vor allem keine 
Machache Philwophie.” He repeatedly states that iti only 
4 provisional attitude for sees, although be Gos not attempt 
{o-conceal his bebe that no other attr & poole. Mare- 
cover ther are profes philosophers wh have worked out 4 
amples phrramenalist system whlch ag received Mack's 


 Appemrancs and oat, 24 4, Londen, 1968, p24, 
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‘warm approval. How then wil they arewer Headley when 
‘be conchodes with these words: 


1 therefore we interpret Mach to be oBering 
attitede foe science without further claims why’ does he aire 
‘Avenuriay aod Schiuppe so mvoch whe certainly claim thelr 
sdactrine as a ‘theory of fiat principles"? And if itis nat 
‘och, how can Mec fel he hes overcame that "intellectual 
discomfort * which cost him 20 reach mental effort, 0 con- 
trary to his principle of economy? Here again we seem to 
‘ocet Ube same dese (© have the best of both works, “And 
with regard to Bradley's attitode towards science the difficulty 
Secs to be this” If sientte theonca are only deve, “i- 
tellctual constroctians to erable ws to systemutize tbe 
‘ways in which spatial phcoomena are connected aod happen * 
‘what use can metaphysics make of them? And it mete 
DPhyaies isnot to work with the data of the natural as wel a3 
the philophical sciences, subject. of course, 10 logical and 
episienolagial criticism, what is it 10 work with? — Much 
Sepends, of course. on what is meant by *ypatial phenomena 
‘atl we shall come to this persentiy, but to take'a particular 
‘ome’ The doctrioe of evolotion is either trwe or not true. 
Ht may oot be easy to decide between theae adlernatives bat 
iis toe than i true whetber yoo are ealking bielogy OF 
metaphycs, 





Lat vs Feave Mach for the present and tor to the views of 
‘Karl Pearson asset out in the Growmar of Sconcs. “He Begins 
by analyning for us our perceptaal knowledge of « blackbourd. 
“He points out the vasious vial and tactie elements which 
reflexion shows 1a enter into the object we call « blackboard 
ib adalt lite. He calle thems eenae-impremions. He says: 

ae 





PHENOMENALION * 
Pyanos now anderiakes to do what, according to Mach we 
Imust nal do he attempts to account for the evigin of these 
sexaeimprenioas, He says that a8 2 rest of some coca 
‘eoce in the material world a ‘message "is carvied from the 
sense organ song a sensory nerve to the brain, and that ‘at 
the brain what we term  senseinopreaion is formed "and, 
‘asa reult of physical changes in the brain, may be * stored. 
Now in addition to all this Pearson says that there is aso 
“seated in the brain am “ego which takes notice of Uhese 
impresions, and he Ikeas this ego to clerk seated in a tele- 
hone exchange and listening to the messages coming over (ie 
Wires, This Is reminiscent of the teaching of Locke with his 
sheet of white paper upon which the senses write thie ideas * 
‘3 he called them. oc bis dark room wie they from time to 
tite Ught up. 11 dhoald be sufidently abcions to a modern 
reader that these are crode analogies borrowed from ordinary 
experiences of the physical world, and not to be taken (00 
erally and applied withost caution to « relation about 
which we know next to nothing. Such a proosdare did well 
‘enough in the seventeenth century, but we might expect some 
‘mprovernent in our notions about these matters when we come 
(o the twentieth. But Pearson seems to be quite satinied 
sft the analogy of the elepbone der, and on thes assump 
tions he is compelled to eanchode that we can kaow very it 

indeed about the external world. We can get no Deart to it, 
fhe says, than the “braio terminals of oUF sensory nerves 
We are even worse of than the telephone clerk because mt 
have never been outside oot offce 








saeco hae jue mi aa acne 
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As knee ts wethor cai it to Be. Upe what since, then, 
‘it Sounded ? Fir, It i charly based om physi and phy- 
Siclogy, but obviusly wot soiety on ‘eecaune Pay 
Sielogits contend that they have Id concern ith anything 
bat the phyical and chemical processes which go on in organ 
lima, and” clearly “egos” and ” seseampressons do not 
ome within the scope of ether physics or chemistry. AS we 
‘sw 19 the Introduction ewe sciences abstract from #008 
rustituents of our experience. ‘Mach, as we have. sees, 
Fepodiates the “ego "entirely. Thus Pearson hat not only 
invoked physiology but also peychobagy, and his theory of 
enue imperanions involves 2 paaage tem one to the other. 
‘Now consider the tomsequences of this theory. You a, 
and tan be, aware of meching but certain events which art 
happeniog et the sensory termioab of your brain. But of 
‘courge they do not sent 10 have anything t0 do wih your 
train. Neither do you seem to be in yoor bral or 10 om 
‘hat you have got a brain. Although your“ ompcous og 
the "part of you which doce the keowing—is inide your 
‘rain St cannot now your own brain. but only other people's 
‘eains, and from thi infers that af Inside brain. Bat 
ot courm it does not seally ce other people’ brains or even 
linow that they dave them. All it knows iy its own seme 
imoretcn, Bat i cee iter se ft 
* projection "as menting tbat there are other 
Feo oath bran. It ao feet char imprenions 1 
‘ean that thas ot abady. And tom these data ners thet 
itp inde Ss own bedy. 1 june wx thong the telephne 
clere~born and bedi bis ofice—~should infer from the noksea 
iis tekpbones (whichis ll he is aware of ix the ofce) that 
‘of'ces exinted and that be was io an ofice. TL is thus ex 
tremely didiult to understand bow, if we are abt up in the 
‘way Karl Pearson says we ee, we abould ever suppose that out 
sense empresices have anything to do with an external world 
a al.” Why should we projet them ? What does it moan 
It we do, i we can be aware aly of senseianprenions? Ta 
it pot pombe that people who think with Kast Pearton have 
ingentnd* projection in order to overcome the dice come. 
‘quences oftheir crn” introection "It mast be remembered 
that, a2 Pearvon Eicacf ins, this doirioe applies to all 
‘ene inprensions, so that we carmet eppeal to tacia ieptee 
sons to beip om 40 an external workd. Kothing bat the 
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‘miraculoas power of projection will do this, and, o¢ Karl 
‘Pearton’s principle, itis difficult to see how it does it. Bat 
‘pow if la instructive to bear what Mach says about ‘intso- 
ectlon‘. In a footnote on p. 22 of The Anaiyas of Senutions 
Ihe quotes the following pamage from Hering in Hermanns 
Handbuch der Photog : 





‘Mach then comments on the objections of the people ‘who 
have ol come to close quarters with these questions by 
serious thinking "and who theeeloce " pronounce thie way: of 
Yeoking al the matter to be mere hairsplitting’ He then 
explains. 








Mach then quotes with approval the folowing. from 
Awenarua 
{Tye nist Yh ding ce tent ot pete of hgh: 
sninnet termes or spas set eo ot mate, 
tel howper Taegan eo a0 ede a command 
‘see S poyscingcel hans st ihe tram 2 
Shan 
‘And Mach adda: * The method which he (Avenarius) sens, 
"The exchoion of inlrojection ", i only a particular form 
of the elimination of the metaphysical” Now one striking 
feature of the two phenoweralistic writers we have been o2- 
sidering i that selther appears to have the shghtest Goobt 
‘that is opinions are right. They are given to dhe world 
- the only ones possible for any sane man whois intelligent 
hough to endersiand them and 1s not blinded by his o¥m 
Prejudices. “And. yet they Mally contradict coe szother 
‘Therefore at last ane wether cannot be right in epite af the 
rength of his convictions. Each clans to be "antmtta- 
nya" and yet Mach is coodemaing introjectoa #3 peta 








3H 


Of Mach's book there re farther references to introjection, 
to Jong to quote, ix which its origin is explained and ils evil 


consequences are exposed. I mention these opinions in order 
{to show how fundamentally Mack's view ditlers from that of 
Peanton. 


"We can now return to the Grammar of Science and sce what 
ate the consequences of iatrofection there, Kart Pearion’s 
Chel deli 8 obvnely to how how we come to apps 

‘an external world at all.” He began by asumning we 
we 's e000 deal of Knowledge about {U but his conclusions 
him to believe that we can have none al all” Me makes 
the Towne erties aboat the crea worl) that 
iterate” (that our seme-imprestoer“syiaic bat 
that (3) they: do not resemble it, und (4) that the things of the 
‘external world "produce * sense-impressions. but we must 
ot say they “cause "them. On this point Pearson is by no 
‘means clear, In order to 'introject° in the frat instance— 
{sin his story ofthe blackboard axsuncs that events aut 
side the body excite the sense organs, but later on be wit 
seetpruns rep home cba te Cre et 
Tete ‘oly debe ass caps fer prdecing rm 
fr "thie sk here temas which can br ade with 
‘Pep to what bet beyood sean njcaons* 


[Bet now Karl Prarson procerds to contradict this 
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Now bow in it possible to reconcile all this with the 
evant ofthe ong ef our seus tapceair fn fhe cn at 
‘the blackboard ?" Clearly we Bave sa ground on Karl Pearson's 
principles for asverting anything about anything beyond our 
eoae-impressons, not even that it exits, consequently ‘we 
‘ean sty nothing aboat rains and sense organs or about 
biaceboards and physical stimab. And consequently we 
hhave destroyed the ladder by meass of which we dimabed 1p 
to this pusiion. It you wish to be really consistent in Kait- 
ing human Laamledge to sto inpesions you have 20 
{5206 grounds fr believing in exyttng but thom impresians, 
in other worda you have to alteraative but éo be x sips. 
[Now bath Mach and Pearson agree ia conGning homan Kaw. 
ledge to. senae-impressins, and also in wanting to avoid 
solipalam, but they difler totally ia their metbods of eacape 
from it. Pearsoe. tres the Kantian metbod of a * thing-in- 
tae" which io unknowable except insofar a8 it i required to 
‘ct as x go-between (0 account for the fact that two people 
‘an talle about the same thing, but he gets into great diff 
caltie in trving to adhere to this view because he thoroughly 
disikes the" thinginitsel™ since it obviously coutradiets 
‘what he delieves about sense impressions, Mach mare con- 
sistently will have nothing t= do with it He botdly aerts 
‘that we know nothing but senstians, and then calmly allows 
‘us to infer that there are other "oe from the behaviout of 
their bodies Mach, of course, professes not to introject 
‘and 2 he does not Rave to project. For him sensations are not 
‘experienced by conscious ¢gue, they siemply Boat about loose 
{in tranaient cmesions with other scasations. Compare, 
{ax example, what he says about the meaning of “1 have the 
sensation of greeo "in the passage quoted on p. 88, Bot we 
saw how difocut ic was 1o take this seriously Because it then 
becomes difficult to see why foose associations of seasations 
thonld trouble about being *ecooomical "of thought, or indeed 
‘what place there can be far thonght of science at all.” But in 
that case what Deceses af Mach's cxcape from iotellectual 
acomfort ? He has offered « provisional atitude for semnoe 
=a" working ‘ hypothesis. Bat this does not atife thought 
Itleaves the old dieses jut where tbey stood. What then 
‘has Mach accomplished ? 

2 Macs va am acpemcat om ths pote in Evennis wad Fon, 
se Rieger Lagag 
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i os aetna wis taal wis 
Se aes ee toe eae 
ieee ree Ben ovr ce 
ore i care, ec poner nee 
(oe eee 
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‘something exists. He asks: What is real? He raises doubts 
Se eee ee 
Pe da either ed 
Poop npernlrty talbered gored 
Pipettes 
cic “SEN gt aan 
roster eeeses 
SSA Seri et 
yates oct bngh annie ig 
Beret has cari ah oe rein 
rota Ryd omy 
‘of the same sort of arguments irom the physiology of the 
es eee 
Ta ac aay eh sce 
oR SLT 














‘Ris qortim ie sramered fn the following. remarkable 
spent a the veneer 
“fate ot re, rds hen aloe 
etal peal Sai te ae eee El 
Boe ORE Stee tey cacti ae 
sorte ag seinen ton sad Germ ot. thos 
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Verworn thus males the same mistake at Kart Pearion of 
coming to conclusions which fatly contradict the prenstes 
which he reached wher. He begins with the pi 
the sense orguss regarded quite realiatically, xs phyologi 

always do regard them when they are not = 
falling them " dooes” though which something “comes in 
find "aflords us" sensations. He ends by saying that one 
eruatin "in the rind" couues another, and that belie 
external reality i unjustified. How sit pssble to harmonive 
hese assertions? What does he mean by “eutsde' and 
“inside "? When he speaks of something coming in through 
‘hesenses he presamadiy means spatial into the body. When 
de says inthe mind what does he mean by "in"? This it ot 
expuned. On the same poge Verwora complains that 
‘Various philosophers have “endeavoured to base the reality 
ofan external world pon the causality of pbenomens", and 
says that "the argument presents the rare spectacle Of an 
Attempted proof of something by means of that which i 1 be 
proved "bat he apparently (ais to see that his own argument 
presenls the astonishing apectacte of ying to prove a belie! 
10 be fale by premises which asrame it to be tte. 





cian ec ht ene hee Stet 
1owlodge af we is more certain than knowiodge of the ext 
‘world, bot he certunly never denied either the existence of 
‘the latter of that we could have a great dea) of reliable know: 
ledge about it. Verwaen ato invokes Mach in spite of the 
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ie strange that Descartes, who advocated the hater doctrine, 
shoaid be invoked i sspport of the monistit oot, Further 
‘agitation leads Verworn to the remarkable cooclusion that 
when we suppose ourselves to be parsing natural science we 
ae realy practising introspective payebology : 

he hewn ofthe pl wth are tbe hare scarieg_ to wet 

‘Guar day certs, "AR cso aren tn baa 
Poreiaegs 


He ght, of cour, to sy my poycholgial phenoment, 
‘ecaase he has eleady (p37) rebubed there who eppeal © 
‘lier rims by eying that toes ez fr brn ely bodes aad 
Ierelore only idegs “in his mind’ Me ought Of course t0 
te a asipust ot hike the other pheoomeneats he doesnot 
sce thi.” Sardaty, like the other phesomenalist be incon: 
stent appeals ta evelotion. He tay for example: 
+m oning tt cm as ad rane ated 
seule of ue 6 estan vaio tat eae” 
But if evolution, like cuwaabity icell, in ooly an idea in 
‘Vetworn's ind~and be has sad that tis sr fe "dens 
snd conception then i is extremely fea tose how my 
craving oF your craving fr anything could have arisen it 
The coure of once put this duly befor phic 
‘sho wa an admirer ot Mach end Verwore, bt he went aay 
{ortowi lor he was of reat (intelinctal) pomewsons, He 
‘id wot ant to desert Xach aed follow Darwin, who was a8 
innweent of phenoroenaiiom ot any *powophy "as anew-bor 
tbe, nether id be wart to desert Darwin for Mach, Can 
swe have both? 
The wet of thin that Yor te Bol 











that when ooce they have enunciated their doctrines they 
Proceed at once to forget them, and then write just Lice 
ordinary mortals: thas giving the whale business an air of 
‘being “moonshine. Verwom manifests this characteristic 
‘with special clearness. On p. 48, for example, be contends 
bat it iv inadmissible to seek any but physico-chemical 
‘explanations for vital phenomena, He says: 
site Scenes $6 the peyeial ese 


aw this, i 1 intended to be lie down a priori, a it seems 
tu be fom the wording of this paragraph, i a sheer dogena, 
‘No one can tell what “holds good "in physiology untit he tries, 
‘To do otherwise woald be t0 desert the empirical altitude of 
natural science. Tf it i held as a hypothesis well and good. 
But apart from this, when Verworn has said quite clearly apd 
it sore length that the only laws ar laws af ' oar own pxyeho- 
logical phenomena "it seme ie to talk about any ditlerenoes 
there may be between physical and physiological lawn. It 
becomes quite pointless tw discuss the" vitalism vertws 
rmechunisin” controversy when all laws have been melted 
down to laws of * sensations 
“Verworn deplores the divorce between natural science and 
philonophy. He mys 
“A turer Sow wi be inticted wpon tbe coming ooetrin, 
the TUT petnces patcnophy and cea wade coma 
tram beth aden upon the ace ce, cotanedepevinon. tad, 
Pirreat 
ovod 
‘With thus | should heartily agree. But if Verwom’s specu- 
lusions, which have al the appearance of being * confused '. 
sre a fair sample of philosophy. it is hardly surprising that 
atural scieace shuuld feel litle kinship wat it. 1 is not 
realized that in urder to diminish the gull between stience and 
Philosophy it may be necessary to cultivate other" habits of 
thought” than those which are found. suitable in science, 
‘And. if this should prove too ditBeolt, it is at least aclvisble 
‘to consult more than one authority asd not pick out those 
‘which conform toone’sopinions. Moreover, although in x sense 
‘tclenee and philovophy bave a common abavring ground ia 


ia, Bow 








‘Sarom specatuotion comtantly petvaly an6 
aperoech toward « becehcestcominea bourng? 
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sm far ay all per inbabit the same world, it would be a great 
‘uistake to appear that their asks wore the wane, Blot this 
‘ha been discamaed at sufficient length in the Introduction, 
‘and Tsoqgest that some of the éificulies which we encounter 
in the phenomenalistic doctrines may be bot a farther iu 
‘ution of the consequences of the Emitetion of the eentiie: 
outlook which sere there painted oxi, This will be further 








of Mach, only differing trom hiss co mice points. "His remarks 
tx bloy a interating ud weil wrth ofthe conlderaton 
* “Tei always helpful to see how our problems 
‘appear from the standpoint of another science, particularly 
‘0 s0ch optoions are usnally diainterested. But Enriqum’ 
views oo biological problems are oot oar immediate concern, 
Sn bs imental opons de ot ier safely fo 
those of Mach (0 need opecial dxcumion recent 
oglish writers Professor F. H. A. Marshall" and 


ey 


‘phecomenaliam, but « pheaomenaliam very dierent trom that 
‘of either Mach or earson. These two autbors agree i Ube 
following opinions: (1} they both exctede prychology from 
natural science; (2) they both make « sbarp distinction betwen 
natural science and philstophy ; ()) Uhey are both free from 
antimetaphyeical prejudices. Their attitude is therefore 
‘mach the same as that of F-H. Bradley, and Professor Mana 

Beadley's view with approval Professor Hoban 





rust nat be regarded at really constitocts of nature, but 
foley ax prods of Unought.” They ey of cour exit ax 
tate dacoverabl in naire, bot ite tt tobe the bees 
ot of sctoee but of piboophy to say 30. Prokasar Hoban 
than agees with Mach and Pearson so lding that the take 
‘leciave fe simply Co devise concepton! schemes lar sabmaming 
tintin grea Cr iain perpen, ete preeig at 

inners thant deft wong hong 

‘ep Shorthand, to ase Katl Pearson's vente 

rotamer Hobeon cao Na sandpotat tat ot 
Pheromennlisn ts this form phenomenal spear at 8 
lisid doctrine —itting "dare not" walt epon, "Twould*, 
lice the pooe eat F the adage’. and citer banding over the 
task of daring to philosophy or declaring (10 be tmpomie, 
ecard to the jredlection of the indvidea) anthor. The 
cppuite extreme’ strated by the felowing passage, 
(guited by Profwor Hobwop. Irom an article by Sit Ober 
Tncge in Note, Vol CVL pp 796 20 ¢ 


fee a nyers therein oo ned for Reality: acy pheooereas 
gaa bs cuventod &y venkat’ sonkne Sot @ weaccenibe We 





Now aa Poincar€ has sud itis equally easy to believe every 
‘thing of nothing, the dificult thing is (0 think, And this 
isthe only alerative that rma ow if we Wh to ava 
either of these two extremes. Pheoomendliam is simply « 
syetem of negations. Dr. Broad says that Mach “bas no 
(onitive arguments for his position chat are worth discusing 
‘But we cannot live on negations, any more than, a¢ Professor 
‘Wltebead ys, we can Sve an disinfectans. The principle 
Of eoanomy * which plays the ceotral rede in phenomenalism, 
if has any meaning at all (und it is dificalt to see what it 
‘nas on the plenomanslistic vigw) seams to imply the belief 
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that at iotellectual Labour is exentilty vain and idle. Tt is 
‘a copasel of despair and disillmionment. Ax biologists, it 
‘we arrcpt phenomenalism as a bass for our investigations, we 
Shall have lo renounce all realistic interpretations (or oat 
‘explanatory schemes. The genes af the geneticist, 2nd the 
doce of eration itl, wil have tt the mean 
‘loctroca of the physicist into the mekting-pot of ex: 
planetory Sections. ‘This 3. of coarse, 20 argument againat 
lism, nor in favour of x relistic interpretation of 
Aone scientific theories. but i does meus that we cannot employ 
such theories realatially in the way that phenomenali 
therseives do. We simply cannot have our cake reals 
it we have Birt eaten it phenomenalsticaly 
Tt seems then, that (assuming of course that we are Dot 
give up thinking alrogether) we have wo peincipal alterna- 
tive : We can either embrace phenomenalism with of without 
‘metaphysical backing which willbe sve sor of philosophical 
dealism ; of, we must begin again and try to eatabllsh 
tenable epistecnologial doctrine which will End a place for 
Voth the natural and the philosophical scieners in the same 
‘world, but wichout making tither of them ridicdeus. Anyone 
‘who is fazilian with the bistory of modern phdosophy wilt 
have no dificulty 2 understanding bow phenorsenalism carve 
ito eniatence. And at the lime when Mach and Pearson 
fiat wrote their books the diicultzes with which they stragied 
appeated in a very different light ftom what tbey do now, 
[Bur this is no reason why natural science should continae (0 
bane itself on doctrines beyand which maderm thought has 
beady pases 
Before concluding this section » word should be said 
reterence to von UexkGll whose book Thcorical Biology! 
‘ust abo be called phenomenalistic. On p. 2¥ the author 
writes 
“At saga spraamc, Tie at cea ton 
{Sp eociog tarough the wont at vee that me independent 
1 Gu eatpt's we abeary come np again tyes, wiih ove 
thet eoenttetiog we te aabfek” 
‘This book is largely based on Kant’s Transcendental Aesthetic, 
which appears to be the part of Kant’s theory of knowledge 
Which bis lent survived criticiam ‘This dom not, of courve, 


‘Bagi ‘rane, Lendee, 1956 
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{in the least imply that von Uewkall’s book is withont value 
‘but merely that its epistemological Soundation should be bern 
in mine in Interpreting i The aubjectiviam of the author i 
sufficiently paio in the above passage and alo ln the folawing 
whieh immediately precedes it on the same page 








sme caret chy othe revo pee 
‘ectiae we sade pars the Sechre rele comrariog 
apt ten Woe arte cl Ast wate Tae ano 





fn the next section [ shail tty to examine the theory of 
knowledge of Protessor Lloyd Morgan as expounded by him in 
Emergent Evolution. Although Professor Morgan cannot be 
called 2 phenomenalist metaphysically spraking, his theory 
‘of knowlege has many features in common with those we have 
Deen discussing. and it does not appear to me to be tenable 
in conjunction with his metaphysics Either ove or the other 
shoul, i€ seems to me, be abandoned. This 1 shall try to 
show. 


‘There is one important respect in which Professor Lloyd 
Morgan diflrs from. the first three phenotoenalistic writers 
‘we have discussed. He is not simply content with dogmatiz- 
ing. He oflers his ew as a possibi alternative tobe examined 
{nits merits not as the aly possible solution which everyone 
‘matt acexpt ot be branded with the word” prejudice" Nelther 
dors be claim—as Verworn doos—that his view ia "not 
hypothetical’. Nevertheless it does seem to me that Pro- 
(estor Llod Morgan makes a (andamental error in method 
‘whieh is also found in the other phenomenalstic writers, and 
‘his isthe mistake I shal try (o make plain without attempting 
to diac in detail the further working ont of Profesor 
Morgan's theory. As far as 1 can se he docs not overcame 
‘what appears (o me to be his initial matake, But in this 
Lemay be wrong asd I can therclore only recommend the reader 
to consult the original in Profesor Morgans book. 

‘Profeasor Morgan's chief aim is to develop an evolutionary 
metaphysics. The scheme is outlined in the Grst chapter, 
‘Not until the second chapter does be say: 
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ih roti Schnee tn rank ot bing is 
‘This means that unles: we can satisfy the disinterested critic 
{hat our knowledge in general has certain characterises, thea 
‘hat particular pect of it which ses forth the doctrize of 
taergent evolation has 30 chim on oar serious sonsideration, 
Thur Profewor Morgan fully realises the Importance and 
urgency of tis queation, and although he does nok actually 
‘begin hs book with ie a great deal of te book i devoted to 
‘What, then, ate the characterstica which out knowindge mast 

‘order to do this? The doctrine of evohiton in any 
_ om is theory about the past history of certain things now 
fn weintence. I presupponrs a knowkdge of thove things 
swhict in of such a nature that it perouts ea to make valld 
Tolecenoes aboot them and aboot their past hi 

[Everyone will T suppose, agree to the following soerion 

of Aleander Bain 
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In relation to our present problem } interpret this to mean 
‘that if, for example, there is any doubt about the theory 
‘of evolution in general there cannat be kss doubt about may. 
‘the evolation of the horse ; and if there is any doubt about 
‘ur knowledge of the external world then there will not be 
‘eas doubt aboat our koowiedge of part of it, eg. the theory 
cof evolation. This seers to me to be perteetly clear, and yet 
it appears to be fast this principle that Profesor Lleyd 
‘Morgan has forgotten. He does not seer to be in any dowit 
cout evalation, but he ie, apparently, in some considerable 
donde about the existence of xn independently real physical 
‘world or about what oar sense-experience tells us about it 
(aeeuming that it exists}. This i> dear from the fact chat 
Professor Lloyd Morgan «ses argements based upon evoltion 
to throw doubte epon the rellablity of our semse-experiene. 


merges Evetion, Lenton. 1928.36. 
pe nr cam the benag.pectors Ut “Kowwindge?' Sey teow, 
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‘At tha came tine be does delins in an externa} world, and 
‘ecike the phenomenalsis, be aliows us to know a good deal 
bout it. But he does not think that this belie ia an external 
‘world is justified by our senseexperience so he gett it in 
‘nother way. Anything he requires for his metaphysice 
‘which Ie not justified by senst-experience he gets by what he 
all“ acknowledgmest ". In this way he gets (1) an external 
physical world: (2) God: G) tziversal peycho-physical 
Correlation ; (4) other mings, and peasy otber wings. but 
‘we wre chiefly concerned with the Sst, He says, on p. 33, 
‘efering 10 the acknowledgment of an external world 


oe leat i ene Can tpcngainy btn 








rem ths seme gery ea that Profcmor Lloyd Morr 
48 o€ believes himsel{ to be in douiht about the existence of an 
‘external world and consequently he cannot be less doubtful 
‘About any particalar proposition regarding that world, eg, 
Rat toa par of it has evolved: I dvs not sem toe 

8 to be & valid procedare to awe arguments based on 
‘evolution in the way Professor Morgan does. We shall turn 
‘now and examine some ofthe things he says about knowledge, 
The folowing passage is strongly reminiscent of Karl Pearson's 
telephone clerk: 


On my view the mid » capiaia i whe canning owe 
Sond ot Wace arsed the ip. Aaa Nee sted never pts ute 
ie ts counseg ower of vicar ave throeth proieaee™ 

Hee explains that * projicience’ is to imply what the word 
‘projection * implied but more ako. Not only’ * out-there- 
reas" but “all the objective characters with which a thing 
inlothed are’ projicent in uo (ar a they are the outcome 

‘of the stimulation of the distance-receptors of the retina” 
‘Thus Professor Lloyd Mocgan. in spite of bit doubts abut the 
reliability of ou sense perception, and in spite of his doubts 
about the existence of sn external woeld, nevertheless assumes 
that we know quite a foc about pbysiology—just as che 
Phenomenalists do. The problem is therelore, bow on hit 
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Aheary this in poable. On p50 he says hat such qualities 
SS herdnem, tide, slppetins, taste, calbu, and beatty 
Sef)" projcent properties rfera fo the several objects 
SE ven hen oe Se them tnd (a) conmcoes areata 
what ocars, on the pase of Ife, win the pron an 
hat enthy which ia both body and mind. But as minded, 
they are proienti rete to the objects of whch we te 
ceatclous". Now it ls tmpattant to understand. Unt By 
Ghjeat” is wot cant 3 comsuent of the external wed, Lt 
‘a mental * constract '. On p. 48 Professor Morgan says that 
the mind” ia participate, ir accordanee vith tvoltanary 
Atarat in mating the objective world what in. Hare [amt 
Stone sith the idealists though my ne of approach te 
iseret fom thei Tas the jects to which Cis pro- 
Sicence is rected are both mental nd snide the se of 
Ihe pescipent, Whereas the cider” projctonists” seem to 
have meant proketion ino ab external orld. Go notte 
Fal tow cibcr variety wil belp to inprove ovr teatons 
Sih the external worl. Bot Deve Thay have inled fo 
Understand Proteace Morgan My dificales wil be Isther 
imteated hy the flowing asset ce P33 

ning Ral pce Stee nse rod atk tee 

IEPA pity? ass That ape tt poe ohn 

See peas Spats ote eae hee 











Tt is added that the to plices normally “coincide " but 
‘that chis is not always so. But ] do not understand how it 
4g pomible to sea this if one place ' belongs 10 the mental 
tealin and the other to the physical, which is merely ascamed 
oF ‘acknowledged °. in another part of the book Professor 
‘Mangan speaks of ° projicient selerence' not to objects in hiv 
‘tense bt to physical things of "centres". This 1s offered as 
an escape from solipaim which, he admis, would othecwise 
befall him. A sccand escape from this is alto (p. 196) afforded 
by ‘advenience oF * advenient influence ‘ hy whieh appears 
to be meant the physical proceases which occur in he external 
‘world and the percipient’s hody. {can perfectly well under- 
ttand how all this would have lo be taken into account by 
theory of perception 1f you had all the physical and physio- 
fogical imowledge that st implies. But if all that you can 
[penative fa a series of constructs concocied from the mental 
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correlates of supposed cerebeal processes—the very existence 
fof an axtaraal physical world meamwhale being in doubt——I 
Uttedly fail t ate bow you coald poushly obtain such know 
Jedge. Tt seems plain thal Professor Morgan does not rally 
have any doubts shout the external world at al nor about the 
‘validity of the theory of evolation and a greet deal of physical 
tnd physiological knowledge. Bur if that is so why be 90 
‘modest 2” Professor Morgan not only acknowledges an external 
‘world bot alo, as already said, he acknowledges God— thas 
‘auggesting that both ae on the same epistemological foting, 

[But there is this diference : Whereas everyone (except soli 
sists if there are such peopl) acknowledges an external world 
even if it consists of nothing but sensa (sense imprestions) only 
a relatively few prople acknowledge God. Some people would 
like to acknowledge Hits if they could, whilst others would not 
nacknowledge Him at any price. What the correct interpreta 
‘Hom of chee facts is 1 donot know, but there i one point of 
Interest inthe present connexion. Most people would not feel 
the need of any assurance about the existence of an external 
world and they wauks regard it as quite supertuous to speak of 
‘assuring or acknowledging it. In the same way many people 
feel the same sort of assurance about God and arguments (or 
tnd agtinst Hin existence ave them just a¢ cold a8 anguments 
‘about the existence ut non-existence of the extetnal world, 
tis jost posse that everybody does in fact have same sort 
‘of deat cognitive elation a the physical world, bat that only 
1 few people have a direct cognitive relation with God. This 
‘would account for why it in $0 difkealt for everyone not to 
believe in an external work, and how it is 30 dificult for « 
fee people not to believe in God. But iti the theory of some 
{ort 0 diteet cognition of an external world which Professor 
Mocgas is unable to accept, unc his reason far nat beleving it 
is that he belies that cognition isan ceaed function, and be 
thus coramite the inconsistency which I pointed out at the 
beginning—the inconsistency, namely, of regarding the ex- 
fstence of an exteenal world as doubctul and at the same time 
turing arguments based on the vecurrence of evolution i that 
extersal world. On p. St he writes: 

wb the mica catrot view that ditch 
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‘Now apart from the initis? inconsistency alvady mentioned 
this serms a strenge errument from an advocate of exergest 
evolution. The genesis of apprehension is certainly a problem 
‘bat how can it be u problem sntzcedent to the problem of the 
possibilty of knowinige of an external world ? Moreover it 
‘term to be an insaluble problem and one about which we eat 
‘aly speculate, Haw can we tell what it‘ Seels ke "to be #2 
‘mocbe, or what it "Jools like to ace with the eyes of a 
cuttlefish ? But emergeat evolution, if I understand it 
righy, asserts that in tbe course of evolution « number of 
imirecles Bappened—if by a miracle ls meact something that 
is not undertoot, Two are of special importance the 
femengence of lite” and later of’ ed” (in one of the three 
seame in which Profesor Morgan ies that term (p. 371) 
‘Thame are spoken of as two * qualities ‘expressive of new modes 
of relatedness at different levels, and it ls explicitly stated 
Up sq) that ie cannot be interpreted b tems of physio 
‘chemical reatcdness only : that lamar affairy, which depeod 
‘on the quality of mind, cequire something eore than biological 
Interpretation "Ut now this is the case it is dificult to vee 
‘why Professor Lloyd Morgan should stumble at * acknow: 
what he callt “direct apprehension ” by mind on 
‘the haman level. {1 hia’ natural piety leads him: to accept 
‘two miracles why should be find the fact that the cognitive 
fanction has svooed 2 reason tor being unable to believe it 
capable of doing what i seme to do—aamely, (o give the mind 
‘which exercises ita cognitive grasp of that 
ite? Thin is. of course, no argument 
‘apprehension ‘ but it suggests that this should, on Prodessar 
Mergan's principles, present no special obstacles to him. He 
‘would not then have to ‘ acknowledge ’ an external world, 
‘and at the same time be would be saved trom the fundamental 
“togical misdenaeanoar "which was pointed out at the begin 
‘ning. In other words il there is to be any ucknomledging at 
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‘perception. Thus from the beginning whet was immediately 
one apenes we etotanitaimn ee 
Scryer tbe dices! mand aod the common pipe oi 
‘Shut way imany appended iy Lok cok 
Wa Teheran omer on ceeds 





the experiences Tracing to sense and to the private world af 
thoughts, desires, "feeings". ete-—the latter group being 

. ‘at "ideas of reflexion.” From this st was bDL& 
‘hort step Co regard all “ideas "as being "in the mind" and te 
interpret this t mean that they were menial. This inter 
pretation was given (o the teaching of Locke by Bishop 
Berkeley who hind no diially in showing that on Sach sup 





‘positions an ooter workd af malier Lo cause us to have these 
ideas * was supertlages. For if Locke's assumptions were 
cormeet we cannet know the lantern bat only the pictuees on 
the textes. Consequently we cannot campare the pictates 
with their supposed cause. and the hypothesis that the etter 
inert matter" eannot be tested in experience andi there- 
fore de. Thus there were (wo questions, The frst—Mil 

‘qoestion-~what are the objects of intuition oF consciousness ? 
‘And the second was: What ¢ nature? Locke and Berkeley 
both started with the frst question. Locke (ried to answer 
it by the Delp (in part) of cetain awumptions cvncerning the 
second. Bethcley, adopting Locke's answet to the érvt 
qoestion, at the same time giving it a certain twiet of his 
‘own, came to conclusions about the second, namely about 
faatare, which were pot at all in harmony with what Locke 
‘had wppoed. Thus Locke employed theories about the 
physical world in onder to °inteoject” and Berkeley profited 
dy Locke's iatroyection although he himself really began. 
‘not with sense organs, but with ‘ideas’ which he arswmed 
to be mental and lo be dependent upon their being perceived 
‘Thin very briefly and crudely was the path which led to 
Berkeley's idealism. It was idealistic far the reason just 
mentioned that it regarded whal was eeived as mental, 
as well a8 the process of perceiving. Bat Berkeley argued 
further tbat as teas alone were kava, and as they were only, 


1 eae» good prasral nsount and erties of repematatie sores 
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‘known to exist when they were perceived by some mind, 
then only minds and their ideas need or could be suppoted 
wwenist. But Berkeley's idealism seas not subjective ideale 
He did not believe that each person was ut up with his own 

vate ideas, but that all ideas, when they were uot perceived 

us were perceived by some universal mind which be identi- 
fied with the mind of God, Tt wat God's wil which determined 
‘the nature and ceder of our ideas, and what we call the laws of 
‘ature are the regulasties im the order of these ideas. 

"Hume accepted the same sort of peychological foundations 
‘as bis predecemors had laid. He mace a distinction betwoea 
What he called impcessions“ by which be meant the iaedi- 
ate experience of either sense or "tellexion ; and “ideas * 
which term he restricted to revivals of the impressions ia 
rusmory. Me seems to have believed in the realistic attitude 
‘of common sense rather than to have taught an idealistic 
doctrine. Bul his chief contribution was to show that 
reason could be piven forthe realistic belief noc for many atber 
‘beliefs that the rationalist school believed in. He not only 
poiated out that on the psychological assurptions of his day 
there was no ground for the belief in enduring physical things, 
‘but also that there was equally no ground for the belief in an 
‘endoring ‘sell "or * eyo apart from the perceptions of ideas 
land imprestioes which are experienced. He thus represented 
the mind as a bundle of perceptions, {t then became very 
Aifiealt to account for the ebvions unity and organization 
‘which we find, at lease ia adule experience, if it i due avither 
{to the thing in which qualities were formerly supposed to 
"inhere " not 40 the mind which observes and thinks about 
them. 

1 wonid be absurd to attempt to give in brie! review any 
adequate account of the contribution of Kant to these ques: 
tions, especially as philosophers are not agreed aboot itt 
interpretation. But it seems right to point out that in spite 
of the way Kant is sometimes laughed at sow it wil stil be 
admitted that he brought to the task a fer deeper penetration 
Of the diticulcies involved than any of his immediate pre- 
Aroasoes. He was not content to score a theological victory 
‘with Berkeley, nor was he satisfied with the eceptical make 

with which Heme—and sill more his later disciplao— 
‘put difficulties on one aide. Kant taught that while imow 
ledge wa confined to phenomena, these were, at the sume 
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time, phenomens of independently cua) exteranh things ia 
thempetves which were otherwine inecomsible to knowledge. 
‘What was given rough sease be supposed to be a chaotic 
formless manifold wases was syatbedized by a blid tacalty 
‘of the imagination * into objects in space and me, and these 
objects were thea tought by the understanding, and sub- 
‘sumed under certain a priori general concepts oF categories, 
such ss caity and diveruty, substance and attribute, cause 
land efec, ete. He thus aucribed the organization of exper” 
Jct to the activity of the mind, and af Ube saine time in. 
fisted that allthis unity applied not to things i themacives, 
boot only to thei phecomens 
"Thee few rears will suffice to show the sources froma 
‘wih penomenalisn haa sprung. 1% fundamental sump 
thks been that "sensations, * impressions "ideas ot 
vee they aze called, are either all that exit of all that 
knows. Hence it was coocladed that any anertion 
‘anything eae is wither purely Setition. and only made 
‘ntersts of econamy, oc B° metaphysical and ide, 
nity of experience is this either altogether ibaory 
‘is purely the product of the individual mind, and has no 
jective vast, i. i ones nothing 10a real wach of SINGS 
tod a real organization among them A curious inconsistency 
‘tnany pheoomenaats may be pointed out in this amex, 
“Organization due to the mind * ends to be identified with 
“expununion dor to the nervous pte Be acrng 
os ‘the nervous systera is a construct ° trom sense 
Impressions occurring in buman rand. ‘He iosits that we 
‘mut not lake ontologita) amextians about anytbing but 
seuse-impcessions, and then goes on to aay that the reason 
‘wy all people think alike and make approximaiely the same 
“oustrocts" is that their beni all work in much the same 
way. So that Brat the organization uf experience i8 aid (0 
be the work of the mind, and then itis declared to be tbe 
reaah of the structure of the nervous system. But how can 
this be so usdeas itis interpeted as applying toa real brain, 
ot toa fictitious construct of sense impemsions 7 Thi wert 
4 be but gunther instance of the pheoomenala’s Mabit of 
‘eating with the hare and bunting with tre hounds, 
"A farther sasumpticn woderying all these ditscultioe which 
‘nas been taken aver froan tradition Ss the belle! that ama 
feapressons are isolated entities with 29 intrinac conneaion 


Het 


£83 


PHERCAEEAL IEE "3 
with one anther. Te was thi bbe, oupind wich the fact 
‘atin eda expeienl are leno auch tation, wich ad 
te toe aasump thatthe conexia tact be the work of 
‘he mind, and wa accante lr by Hines intr emp 
fie etal of bit” cr tochanical“tewininn Te 
Blend word suciatioe was made fo cover op pet man 
difhealtian whieh, i ‘hey bad bees, bankly’ acknowledges, 
Ilpht have let a r-exunnsion of the bral avo 
Ia ut otns Kare aw it tha ev re aa 
Coen he war ld Yo investigate toe questa ain, Ba 
Xs" own training was tot iourable to inducing tim. t0 
Crs the ecigal astempions which ad led to Seale. 
‘he ismaies wah exercaed Kant 20 ach ave merely 
Jet on one side by the promenade beens ny 
oot appt def boca heya content to renuit 
te Saat vabjectvioe and to regard all interpretation 2 
any 


‘Having now examined 2 number of phenomeaslistic opinions 
od Jearat smmething of theic bisterical relations, 1c now 
‘remains fo sunmurize the situation as itstands ia Chew hands, 
‘and to explain more exactly in what directions we sball bave 
ta look in order to Gnd a better alternative, The coot fallacy, 
‘as we have plainly seen, isin assuming and roaking use of Ihe 
‘very knowledge the phenamenalists believe to be unattainable, 
‘Mach does 201 begin with the sense organs, bot Pearsan and 
‘Verwora do, Mach and Verworn reach the conclusion that 
‘there is nothing but ' elements“ or " sensations’, Pearson 
‘mys tbat ther la a world of same sort apart from iis ‘sense: 
Impremions ‘bat that we can iow nothing about it apart from 
ite bare existence. Lloyd Morgan also argues from sense 
organs to the view that te knower is confined to inspecting 
“tmemsages' ia the ' conning-tower of the bodily ship" but, 
tanlike Bearton, he allows us to know a great deal aboat what 
49 going on "in the work! of battle’ around it. Mach alone 
[Profemes not to introject, but it seems very probable that be 
reached his position by means af it. On p.299 of Tha Analysis 
‘f Sensations a statea that he" arrived at views akin to those 
of Hume’ by studying the pbysilogy of the senses and by 
reading Herbert Thus these writecs come to diferent con- 
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non bat ny al employ argurnts bred on he palalogy 
tite eau cogs, Tard bape ecto be Tn pat 
ty furier. The ane organ at be trated realieally 
Ibaghon or sabjectvsteally Caoagheut TE the Sate 
“tue cans nly eam fa wtenperary acation ot 
‘Schnyder kes oy te ep 

evra ar dependent pon esse ergann? or thet 
tener sors are simested by Sheets ina extornal wor 
‘Stsiy ean ony mean tat one tx impreson dependent 
pent partcahr roe ot groups of oi sericea, 
Sethe seas tbat wen, for ramps, expercne he impres 
thom ced shat th pe th imeneinay flowed By the 
icpremion of “darkness” Acording to Mach th ie a ne 
(Svtitor can mena, Tt cannot men tat what Ive pent 
nthe clas oly oye fet exits art npn 
is mands, breeue he'll se ashing when serene was 








‘Let us now turn to the ather alternative of treating the sense 
organs realisbeally and try to discover what happens in 
introjection. I chink we shall find that the Aiicuties igely 
arise from an incaptious application of spatial notions and of 
the category of causation to the cogsitive relation. Un regard 
{0 the spatial question the olowing remarks of Wiliam James 
are worthy of quotation 





Profesor Lloyd Morgan, owing to his adberence to the dogma 
A the “double aspect ‘relation of mind and body (by acknow- 
Iedgrent) is committed to regarding what is howe an * 

Ihabiting the very neural tracts which occation its appearunce.” 
Ponce of Powter, 1 sy Taw oui on of hy tem 


naatina jes refers will courantly enccunterat 
‘Sectlagal ulate. 
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‘And all this may be very interesting by way of metapbysical 
‘speculation but it has nothing whatever to do with tbe teary 
‘of imowledge because itis beginning at the wrong end of the 
‘ick, On the same page foc which the above ie taken 
Janes adds: 





[Naw te way in which people are led to introject and 40 to treat 
the cognitive relation a 2 spatial ove seem to be a8 follows. 
‘When we are studying the relations between physical events, 
senge organs, and brain, all the entities we are dealing with are 
fon tbe tame level as regards spatial rolations They are all 
studied by means of visual and tactual perception. To ay 
‘hat 2 certain abject is outside the body and that tbe brain is 
lnside the skull ase af least inteligitle statements whatever 
{belt final interpselation may be But wtion we pass rom this 
{othe assertion that what the subject of the experiment senses 
fg in bis head and that his act of sensing is aluo here, hen we 
are enlering upea ground to which physiology gives Us 90 
‘warrant and upoa whvch it would be zash to be too conbdent, 
Te may be that acta uf sensing {and pethope sensi) are not 
"im'space * at all in the sense in which the brain is in the skull, 
‘There is no must at all about it. For im truth when we are 
studying physical and physiological events we do not come 
‘upon acts of venaing or sensa (i. what is sensed) at all "in" 
the apace in which we find psi evens |The only Pre 
‘who can say where his objects are situated, or indeed that they 
‘kit at all is the subject of the experizent. and to himn they 
certainly eppeer to be outside his body, Le. he is aware of a 

ial relation betwcea say, a candle and hit body ! be can 

ibe the perition of the candle with cefcrence t9 his body 
‘or to other things. But he is not usually aware of a spatial 
‘elation between his act of senting and either the candle or bis 
body. Ido nat see how we can say much about acte or 
roctmes of senting, stl Jest about their spatial relations, 
‘and it may be dovbted whether they have any. oc whether it 
‘means anything to say thet they have. The persistence ofthis 
way of treating the cxgnitive selation as 3 spatial one may 





ud THE DATA OF HATURAL SclENCE 


be partly a eral ofthe container view of space. 1 epace (a 
regarded a3 big bax in which everything i ccotainad then 
ina eany to ae bow phiysclogiais wil beled to treat the cog 
nitive relation kt the above way. 

1 therefore we begin with the phenoevenaist'scaacusons 
Sas at rh he pete of ow we cnt Bara te 
bowled we appear to have, and iC we begin a m 
Eee cee 
‘we tee that tf we adhere strictly to pyniolgical data we do 
Tet reach ior seam ones of Senay of asad ting 
that we earn from the sense organs necesaaily compels w (0 
badeve either that what we sense or our proceses of sending 
ste spatially locaoed within the body, bat oply thst our acts 
+ of smsing (and pertapa what is sensed) depend upon the 
rena in our sort spoter systems. 

Bt suppose, now, we do assome that what is sensed is 
situated in the brain and thal ts characters depend on cerebral 
‘events: how, in that case, would tt be poesibie 10 know that 
‘we had sense organs and that exteral objecte were in relation 
fo thems?” if this supposition were true then we soust also 
Possess other sources of knowledge, otherwise we could never 
each rock a belie If colours. shapes. wounds, etc. we 
‘erehral events of which fra tame to Hime T become arare, 
then my knowledge is obviously not cocfoed to them since 
lng bypottens 1 ate know that they are in a brain and are 
dependent upon seaxe organs. I cannot know that 1 posse 
brain at all unless T Sst know that other people. bave 
‘heen. 1 is only from » knowledge ofthe anatomy of othet 
tan that [reach the bell ia my own brain. Cheary then, 
Any sewn ae in ey hea oy tre ont canned 6 

‘The only answer to this dficaty ffered by phesomenalists 
4s the theory of projection—with the exception of Mach, who 
sng Ire, Be il i aly i, ae 

‘genuine addition to knowledge ? Will Pearson's 
cut cr, or Pron Lyd Mogu's captain nie 
‘conning tower, be aay better of if they project their messages ? 

If the soesages are given as internal bow do ve ever come by 
‘the notion of exterzality, and why ahoold tt ever oocur to o> 
to pecject them? i they are given neiber as external noe 
nteraal why about the lonely and coafinsd contemplates 

* Prk Loyd Margo patient les. Op. ep. 268 
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of seso-impresons ever coma by the notions of externality 
Ad internality 2 Ta other word : i there any reason (apart 
from the peosssty of overcoming the cansequenors of *inzo- 
jgeton } to suppose that such & proces aa projection takes 
lave tm th absence of any other source of the maton of exiern- 
‘Baty? ta not Professor Lloyd Morgan sizoply wring his own 
rect knowledge of spatial relations to help his captain to 
{Ht out of the Conning-tower in waich Ae ha confined mm ? 
Te will help perhaps to understand how introjection comes 
‘about if we consider a particular example. Suppose Professor 
[A, the wellinown physiologst, is observing bis colleague, 
Professor B, who is looking at a candle. He believes that his 
friend ls rorrowaded by an ianpalpable ether which is being set 
nto undulations by the tighted candle. Ia imagination be 
follows these undlations unt they impinge upon his friend's 
‘tina, and there set going another distorbance which ie 
Propagated to the orcptial lobes of Professor Bs brain. So 
tas all goes weil because Professor A is dealing with physio- 
Nogical matters. But now be stops talking about physico- 
<hemseal changes aod motion and begina t0 talk about sease- 
mpeesions. He Trlieves that in comeqence of what is 
happening in his cerebral cortex Proteasor B nom becomes 
sare of a yellow patch—-the flame—and that this patch is in 

Teead. Profeuso A thus believes that what B Sees i oot 
dle which be himel! is secing but another cande—a 
c9py which no one bat B can see. Tas A Soom 6 taping 
‘on not anly the physical processes which are spatial und ca 
therefore be imagined But also thinks of what B gees and of 
his seeing in the same way. Frofesot B, of coure, thinks 
that be is eng the same Candle that Professor A begigs by 
thinking he is seeing.” Tes clear that B doesnot introject the 
‘ance Esto his head bimael! but A does this foe hion. But if 
tow B dows the same thing for A. o i A is ofa elective tum 
‘of mind and cannes to the conclusion that his own candle isin 
‘is own bead, then the “ceal” candle with which they begaa 
becomes rather soperfigows, and the two profesors may finely 
come to regard it 3 a "fiction. If, however, they reflect 
fie further Chey may also se that in thet com ecion and 
‘cciptal lobes ave nln fictions and the arguments by which 
(hey cunt fo theic conclusions ave alm Setitions—anlest at 
1599 ofrn the ce, they are among thee pecans people wo. 
un Whiltebead saya: "express theres ax though bodiea 
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snd tains were the only rea things i an eatizely imaginary 
vwordl" and "teat bodies ox objective principles, and the 
rst of the world on subjectivist principles‘. 
‘Where Profemor A went wroog seas in the transition from 
“physicochemical events” in Professar B's brain to the 
ions “of which B is aware He did not pause 
10 coosider what this transition involved. but in his haste, and 
‘on account of his trsining, comtinord to Chink of the senae- 
lnmpresioas in just the sxe way as the cerebral procests 
He forgot that only B has any divect knowledge wbont auch 
things and that his testimony is the primary source of 
information abost them. Profesor A is then buble to treat 
“in B's rind "on Uhe sass spatial footing as "in 8 brain 
asureing that “in means spatially "#2" in both cases. Now 
‘it seema to be perfectly clear that trot: the paint of view of 
‘the theory of kiowledge al this i, priarily at last, entirely 
off the point : because itis trying to do the wrong thing. 
2 is trying to explain frowring and st is using knowledge of 
‘the external world to do thi Whereas what the theory of 
lenowledge prmarily set out to do ia not to explain knowing 
bhi to fed oat what iis that we Kove. Moreover the intto- 
Jectoniss do not even succeed in explaining knowing, They 
‘simply put you and the world that you know inte your head 
stil Leaving you with the relation cf Kowing just a8 it was 
Detore, except that they now have the world in. duplicate 
‘the world that you know inside your head, and the world that 
they know and you do not, outside yous ead, But if they 
snow put the world they know inside their ww heads then & 
commen known exteraal world disappears and tho only 
‘ecape trom solipsisn is the recollection that the whole issue 
has been begged from the start, and the realization chat 
‘nothing his been accomplished. “When Kall Pearson talks 
‘about the knoving ego ofeach wne of us as being seated at che 
brain terminals of the sensory nerves he is somgly putting 
himself 254 is world inside his own bead in imagination. 
‘Bt thia sill leaves us with the reation of knowing, and bow 
knowledge is pensbie not made one whit more intelligible 
Dy bringing what is known isto your head. Nothing bas been 
socumplisbed but a temporary bewniderment which does not 
really deceive even whose who bave been responsible for it. 
‘So muuch then, for the incautious use of spatial antions in 
connexion with the relation of hnowing. We now have to 


sonrider the mie of the category of causation in this relaton. 
Te would seem to be evident tat caution should be exercised 
in applying this category ia the spbere under consideration. 
‘At least it fequires some preliminary ertial examination 
Of the category ilsel. "Bt this precastion by omitted by 
Phenomenalisia orvil “introjection™ is completed, Only 
iter they have nalvely employed the category as relating 

ternal object to the pereipient Jo they, 23 with Peart 
and Verworn, conv f0 the conclusion thatthe category cannot 
‘be applied to the external world bot only tothe interpretation 
‘of the subjective world of phenomena. The fllowing appear 
{o be the chief points (0 be borne in miod in regard {0 this 
‘uestion 

{a} Tn the applicatine of the causal category in natural 
science all the "objects" are on the same. epatemological 
level We sce one bilizré ball nm into another. We pall 
the trigger ofa rie and eel the recel and ace Ure Sash and 
hear the noise. We are all the time on the étnsory level 
But with sensing itis different. We sce a pin prick a man's 
sin, and we may call this couse. We sce fm withdraw the 
fart of his body which is packed, and we may call this effect 
Fu we do not sense the ether supposed effects. We do not 
seve teeeithor theft prick othe man’s easing ofthe prick 
Nor is there any reason to suppose that we should bave any 
Inowledge nf thie side of the busines even i our sonic: 
knowledge, is. natural scientifc knowledge. of what goes on 
inthe man’s brly were enormously extended. We are again 
confronted with the difiealty of the duality of our ways of 
Snowing already alluded to in the fotvoduetion.* 

(0) Even sen the pi is applied 1o our own skia the case 
‘a ot thereby made easier. We se the pin approach and we 
teal te eee iriaely ouch tho pepe 
interval, "We seree the "fet" ofthe pin und the“ Jok* of 
the pin. But we do mot sense the proeas of feding the Prick, 
for the process of eeing the Fok So trae is this that the 
distinction between tha! is senaed and the process of Sensing 
{spot made unt) we begin to reect. 

(6) But i we recognize this ditinction we dearly have a 
shoice of several poasbilitie in apitying the causal category. 
‘The physical pia vn Felation tothe physical body may be (0) 
cauuly related only to the proces of sensing ; (2) camally 
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ralated to woat in veosed; (3) causally related to hoth what 
1 nenved and the process of sensing. 

(4) Now, f aha is sensed is cxuslly ated to the physical 
pio 20 that the latter im sme sense * produces" the felt prick 
{tnd the seen Took, then tbe consequences of {his ruppoution 
for the theory of knowledge will be very diferent from the 
‘consequences of supposing that Uwe pyuial pia only” "calls 
into activity " the process of venuing, The introjectionst 
ten does wot expbcily make this cistiaction, and in wxy cue 
he treats what t sensed—toth the “feel” and the “Jook" 
1 eflects of the physical pin (olten ending as we have soe 
sauce ix denying all Kzowkdge of the latter roti). He 
‘ees the pin and feats it Sot as external cause, then comclades 
that the scen pis it efect and that the physical pin fs an: 
Irowable But how in that case can the cram eatery be 
applied ? How cas it be applica stall andes both cause end 
‘hectare known ? Either the phenomalist knows the jin 
tr be dows not Il what be ser isthe pun ow can the sare 
‘zen thing be both exterval cause and internal effect 2 As 
Hum comarked : ° The same principle cannot be both the 
‘aime and the elect of another ; ad this, perhaps. the only 
Proposition concerning that relation, shich i thet intstvely 
‘& demongteanvely certain’ If on the other hand, he det 
ot ave (or otherwise became aware of) che physical pin how 
‘an be apply the causal category ? There scems to be ne 
‘xcape fom this lemma if we treat what we ar immediately 
lnvare of asthe eflect of something else as cause, unles we are 
‘Prepared to admit other sources of Knowledge than senaa. 
Hr amay be that what is aoen and what in fel 9 not the pin 
‘bat what we cal the pin az cause ia known in scat way but 
‘at men as 2 sersam. 

{c) Dr. Broad has posted out that if we suppose external 
objects to net going physiological procestes which" produce 
‘what is sensed then the term production may be interpreted 
in two ways, Either it means pecorates or it means selects? 
But on either altemative we are conttopied with a Bioht 
pecallar type of easton, and still seem to be comoited, T 
Tink, to a the dies of pysclogesl abyetivun 

9 We might make a tinction between the distance 
receptors and the ‘contact receplocs. supposing that in the 
Socmer case we were sensing & characteristic of the external 

2 Siac The Lason, 13} 7p 593 4 8 








gbjpct (eg. the “ook, * ofthe pis) ana in the latter a character- 
istic of our own bodies (e. the Seel of the pin), This a 1 
understand him rightly, isthe postion of Profesor Alemmader. 
‘When we become awaze of touches, prewares and orgasie 
enaa “we Are contemplating & affection of our own body‘ 
but ' me do not see coloure in our eyes but only with our eye 
‘cod fn the rose of apple.» We might thea interpret the 
‘canst category as applying betwees physical thing and process 
of sensing, but not between thing and what is wcsed. There 
will be three relations: (1) the caasal just curatiooad ; (2) 
the characterizing relation between what is sneed and what 
ls thereby qualitied or characterized ; and (3) the coguitive 
‘elation between knowing and the thing known and betwoa 
‘easing aod what is seaeod as characterising the thing knows, 
Tht Knowing docs not consist only in sensing. We shall 
return to thie in the next chapter. The unsympathetic erie 
‘ight, of cource, object that t was mere favouritiam to dix 
‘inguish thus between the eye and inlermal sense organ. tf 
im the hater case we regard ourzlves ax being aware of some 
flection of the internal organs wisy in the former case do We 
sot adzmit that we are aware of some affection of the aye ? 

(6) Le must be remembered that if we regard apace and time 
ss sowaed, and {reat then in the samme way as color, el, a8 
Physiological events, or as the Tental "other aspect of 
Feorrelate"of such events, a Profesoe Lloyé Morgan appears 
(0 do, of as “clerseats "oF ‘sensations "as Mach does, then, 
‘here appears to be no escape fram complete sebjectivien, 
‘whether we acknowledge wn faterna} word or nat. 

(3) Another alternative would appear to be ax follows: 
We arald grant the physiological itezpretation in the cave of 
the vecondary guattier—regarding them all not indeed a9 
‘mata (ance moder thoagtt sees no maceuiy in tin amusnp- 
‘oa) Dat as physiological, and appeal to some other process 
for the direct apprehension of spatertemporal relations, 
We should thea get the required ‘extersality and a spatio. 
‘texnporal frame independently ofthe secondary qualities, xt 
‘we thaald then have to ty to explain how the latter came to 
‘eguire a rektion to spacetime. This is the postion of 
Professor N. K. Smith.* “He agrees with Profesor Alexander 
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in believing thet oyare-sime is appebended ina diferent way 
ftom ena, bute rogers a none as phyiongical. Pree 
Whitehead’ views ae i any onpartast espace extremely 
rigs! and connquently very hficalt to St into veaion 
oer kas revolutionary views 2 is earlier ‘works he 
Teeomnised two peimary consttonts of nature’ spacetime 
eet, and what he cals “objects the latter faving the 
‘elstion he calls" siteation tothe former. "Theve are many 
different kinds of objects having different relations to ane 
‘Sosber and to events, to reerence to our present problem 
the ae ofthe causal categry in eaten fo keowing he 
as written: ' The earch for cause of perception ras & 
oblem which fe penbab'y raningiet ‘and ‘certainly 
Solbie+ "He certainly believer in direct apprenenion of 
venta ‘an well ax of the "objects rated to them In bit 
ext bok he speaks of teaedata rormer called rene objects 
tn eteralabieets) a4 dependent the mmediave sat of 
Telovant parte of cur own tien Physiegy catnbihes hit 
latter fact conclusively “+ We shall return to his. oe 
ster since they are of great interest and importance for bb 
‘So much, then, forthe pent segarding the appalion of 
the caual category 10 the problem of sewe-cxprrience and 
Cognition generlly. More Tem 10 be, aad about the 
emir charscershcs of phenomenal. The whole tend 
St thoaght of this doctrine appears to be overshadowed by 
erttin brie demands which ave arisen with the tradition 
‘of physkal sien, and which prevent phenomena fom 
looking with unfettered minds at the facta of owbege It 
ian example ofthe blinding itoence of urconecias matarl- 
tie metaphysis. One factor sma t0 be the bell that 
there de nothing" myaterows About the cognitive fenctien tf 
tha ie now sin dss andi we are coined 0 sensing 
renhin our betina. Whereas we were capable of Decorsing 
rare of events goiog on outside our bodies, this, i seams 
Uc be nieve. would be & highly mysterio procran, and 
far that reason sienticaly iepwtable wd at al costs to be 
‘denied. Bat whats meant by caling something meterioes? 
‘Nothing mere apparctiy than thatthe proces tn question is 
not ormparabie fe anything cle with which we are moe 
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familiar. But why in heaven's name should everything be 
‘comparable to what i faiar ? Tt we inet that dt mnt be 
40 how is any scientibe oF philosophical progress posible? 
The familiar * i, of course, 0 fixed point, but changes with 
the movements of thought. Neither does it, ax we have seen, 
sake the process of Snowing one whit tore intlligiie 40 
Suppose it to take place in our skulls and to confine ft to 3 
Contemplation of events going on there. It may certainly 
Seem more comforting to think of the process happening i OUF 
ills; itis Jes uncanny tan supposing i t0 take place nor 
‘where. But only metaphysics needs to concern itsell with 
‘questions of the mature and spatial relations of processes of 
ltnowing, The theory of knowledge Is primarily concerned 
With what is known. And" famibarity ‘has nothing to do 
Si ett, Bet Sn et apa ew ri 
Characteristic of the owing that through it we 
ieee Sa tn 
surely one of the most fanllae of processes and is only made 
‘mysterious by talking what seers 10 be nonsense about I and 
0 depriving i of this characteratic. Te éificolties would 
appear tobe created very lagrly by our inveterate habits of 
thinking with spatial images and of (ying to devcibe every 
‘ceurence in sich (erm. A glance over the history of phy 
tical science shows how scientibe thought has bees gradually 
Dut reluctantly compelled to abandon this procedure Heat 
and slectriity were at Sest thought of as "subtle Sida 
{re as things of Aristotetian substances. The ether was con 
ceive a8 2 i, a gas ors felly and so 00. All theve facts 
Cestity 10 the power ef common-sense wave of thinking apd 
{0 the reluctance with which they are abandoned. "When 
men of science tam thee attention t epistemological queations, 
‘which belong te the ptiloophical sccnces, they are apt t0 
bring with hem tothe task the sare ways of thinking as ara 
sppropciate tothe nateral sciences. Mindis thea thought of a9 
a nibatance with spallal relations. 

Coramon sense isthe way of thinking of unreflective thought 
which, owing to its utitty for the affass of daily He, has 
persisted and wil presumably always persist in its proper 
sphere. Iie the metaphysics of the stare age, and io apite 
f one moder mechanical iovenlions out daity life isnot s0 
very diffrent from that of the philosophers af the stone age 
M10 necessitate a complete abandonment of their way of 
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thinking. Waal « pecectly ainquate onde of citation 
lomrd the “macronopic’ word of evuy-day tinge Te 
Cais it in is ove phere woul be as abou as to expect 
it'to be of universal application. Fer by what heaven cat 
‘pronasion can i chim provide an inalibe ride fn the 
owe recondlte tgions of taperience to which the plgncal 
{ind other sciences reach in ther Gavelped Soom ?Y What 
twabience can we supose in i for an wndertending of vital 
tind mental proseaes for which it wos never devine? The 
farther we depart irom comman-aenoeexpercnoc the farther 
sme ny expett to Bnd ie neomunry to Gxpert from common. 
iar aye of thonght. Lote speaks of common ener A 
"A tecty which, vere in tbe critics ol the course of events 
ig the outward werd, imagines thatthe very reapctable apd 
rotable bot quite unnyoteomtic taxime thre soqured st 
Ficiet to meet al emetgecien And Protewor Eniqies 
Femarks tha te appeal to common sensei "prudent sae 
fused for whoever wants to pare Nimoct the critical study 
of scientific expremioas."* Commoo-tense knowledge pot- 
fees, as Me, Berrand Russel oon ot, ches chet detect 
"Tt is cocksure, vague, and selfcantradictory '. These three 
efocis ur aried ever into science, which nly gradually from 
tel! fom them as it develops. This we sce very Charly 
{rom x comparinc of biegy with physics at the present day 
“The Brat step towards philosophy,” adds Mr. Russell, ' consists, 
{in becoming aware ofthese detects, notin cde to rest content 
wii Iay teepicam, atin order to mbettue an amended 
Wind of knowledge which sball be festive, pres, and sll 
‘omistint. Phlmophy.invelees 2 criticimn of acentife 
Knowledge, not from m pont of view ultimately dierent Iam 
Gat of siener, but fom « pistol view les concerned ith 
Seta and tore concerned with the harmony of the whole 
body of special sciences" 

if ia this clinging to encom eman ways of think which 
sales the ew tnys osoontaied by cetivly and tbe gem 
‘am phenomana so repogrant t9 many people. Thewe (ngs 
lot Stix with oat aterpted* Geman” But thin featart 
of modern science is by no means confined to mathematical 
‘oyus, wo that Ie a no longer poule to uy that scence ln 
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nothing but traiged and expand common see worckd 
bean ttue to say that an ary is only a texined and organized 
‘rabble. 10, both cases the trang and organizing proce 
kes been curried to each 2 pitch tht the ergial fe no ooget 
i the peoduck But in te ease of scence the 
{Wanstion has 20t ben a simple continuoas proces of develop 
‘bent, bt bow evolves a drastic ovethaul of the very starting 
Paint and foundations. 

"The farther influence of unconscious metaptysial factors 
43 operative in creating diiculiea in vogar to the problem 
St knowledge is showa by our penitent Yel to ke mind 
Serioaly. We do-not betitate to beeve the mont remake 
‘things about what we regard as picces of matter. Most bio- 
leglets believe without hestation that at remote epock of tre 
er istry mater syuthed We no ng rg 
even in site of the tbmenoe of evidence tare 
Tae opto lt eal pee hen 
on oie edly. Bat cing ts jo 
re emt tobe regarded on bere mike, 

‘than admit i to be poanble we are prepared {0 1 
ouooe 1s fruits and treat all intelectual effort as vain and 
Ae parvsit of (ruth as x chimera. This is simply becasse we 
Are All brought up in the ways of thinking of eomoen seme 
{1a the physical sens, both of which ave peimary ‘con 
Gl Tih ot mais‘ take ning rete 
Norover, most meo of science entertain encraly 
tatoralti metapayses We acordeghy oxpet every ag 
{m heaven and earth to conform to this or be Gamped. Tot 
the mineteenth century cheerfaly endured Ube smakenbe und 
scandalous cocttadicton of a thxough-goug materiale 
Imetapbysic with an equally thorough-guing,subjectivint 
pisemology. ‘The phenoweaabts are ell maiecaists at 
Neart. Even when, as with Verworn, they profes an idealistic 
ametaphysis they ding without thought of eritkime to. 
‘Belbodolgical materia. ‘The sume factors accouat forthe 
opulaity of epiphenomenalis and peyebo-physcal paral 
Ei during the lst century. The controversies which raged 
ound these questions dosing the ineteenth, century are 
ready Sepinning to ecquize a somewhat oldfesbionrd sir 
‘but the frame of mind which provoked hem and was satised 
‘withthe "volutions teat chat age offered is stil prevalent, 
Bat sore froma ve sheer izera of tbe wverage vel of thought 
‘an from a delbernely refectiveattitede, 
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I conclusion. then, it seem that the following precautions 
‘are necemsry i we are to make a fresh umpeejodiced begining 
in the study of this moet perplexing but quite fundamental 
‘problem of the assessment of our kowledge. 

‘%@) To avoid as far as posible mizing up metaphysical 
questions—and stil moce ‘metaphysical motiies—with epi 
temological ones. Mach, as we have sees, places the deure 
for 2 monistic metaphysics at the basis ot his theary of know: 
ledge. He confesses that it was the mental discomlort occas 
soned by dtualiam which Erst led him to the question ol Know 
edge. In the same way Professar Lloyet Morgan has a meta- 
physical theory of the relation of mind and body of the 

jouble-aspeet-correlation * type and this enters into 
theory of kmowledge. But to do this appears to me to he & 
fendamental error of method. To put metaphysics frat, 
land epistemology second. especially when Your epistemology 
‘will react on your empirical science, ia to put the cart hefare 
the horse, and to give a bias (a the whole future coarse of 
though 

(8) To avoid the incautious and uncritical application 
‘of spatia} notions and thinking in spatial images, ax well asthe 
category of causation to the relation of knowing, 

(4) To avoid as fat as possible soch expressions at * ment 
sand " physical: “eral” and ‘ unreal"; “external ° and ‘ins 
ternal”; "thing ' and" attribate These expressions ceaely 
Desuppose an amount of systematized knowledge and the 
existence of certain specific theories, which we may finally 
‘come to, but which we cannot simply take for xrantesl at the 
start, i we are o take epistemology seriously as a sincere 
‘ritical examination of knowledge 

‘The only assumption whick wa must make isthe realist one 
that a common world of some sart exists iilepeadently nf 
‘whether you of 1 are perceiving it. I¢ it abeurd to pretend 
(0 doubt this when in fact everyone, whatever his theoretical 
‘opinions, docs im fact believe it. We shall not then make the 
‘abnutd mistake of beginning by ascurting it and ending by 
denying it. Thus, as Profesor Stoot says, the philopher 
‘can only start like other people on the basis of ordinary ex- 
perience. . . We may not ask: Is there an external world ? 
But we may ask: What ie the external word, and how do we 
etow it?) And to this T would add that we must be careful 


2 Taingr and Senctiony < ror. Beit. And, Londoa, 1904p &, 
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‘ot to contase the question : How do we know it? with what 
rust, ] think, always be the prior question: What do we 
primarily know of it? which, again, is Mill's question tes 1 
sndertand it}: What are the facts which are the objects 
of intuition oF consciousness ? And that this is the prior 
question becomes clear when we refect that only in terms of our 
answer to itcan we give any answer tothe fst. Phenomeoal- 
{sm woald not be 30 popular if this simple consideration were 
amore widely understood, 





CHAPTER It 


AN ALTunvaTive To PREXOMEKALISH 


17 in oot to be expected that any ‘slatien "(a te sient 
srase of the tern f what Ihave been calling” Mis question 
{5 ponble, We can, a 1 have already sud, cisinguish two 
Sorc ot goto: 0) What we the bjs 
‘etoounen "kn the mntapyaical exmn, og, such questions a2 
[Ace they mental or physical or neural? and (2) What the 
feltion of hese objects to otber entiica which we are tup- 
to know? Teisour duty ior the epistemological pom 

Bi view to ty to be eear about the guetion In ie second 
{pect ad it ray be that i any case te most we can 
aplors the ponible sterativeswithoue being le to det 
imine which bri slation. 

‘Why, then, may be asked, seed we tose ourselves about 
a corepitcated and idicul question which i admitted fo be 
insoluble "The anawer is tat, m the Res place, thought 
catrt work in a vacuum feqeis & (rework On tbe 
bbs of whichhe sults of slenie ot any ter Intellretua 
activity may be expteued. In the second place, everyone 
does 12 fact bold sore sore of & theory in fepard to Mis 
‘question whether fy be Quiberunly theaght oat or merely 
{Ben on trust fram ecadtion, The doctrine of representative 
Dererption aspects of wbich we have now dixcamed nied 
ibe tegardcd cede solution; jest as formerly the Eocidean 
freesetiy wed fo be regarded as the geometry, Ita a Chae 
Atcatc of modern thought that it bas discovered the existence 
of ponabie.alicrmative interpcetations in. ma 
Prileaopty explore the realm of toese pombe. clence 
tan technique for determining lt possible wich of these ltersa 
tives ig actualized. Some prcbiens ‘can be sclved inthe 
sect sce, If the probm is to determine bow many 
Segments an earthworm regenerates iC given number are ext 
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off this problem can be solved. Bot some problens camot 
be solved i this way, and yet they may be of fundamental 
portance. The problems of enistemalogy appear to be of 
this kind. Whatever alternative we adopt wil 
‘Miect our interpretations in natural science ax will now be 
evident fcom the preceding discussions. What oe must try 
{ dois to had a theory of knowledge which is welt consistent 
‘The variows phroomensistic theories are rejected because 
they do not do this. ‘They do not show how one part af ouF 
Inowlege is consistent with another. In order to keep ane 
part phenorsenalism represcats another (and thal the Liger 
art) uc fctitions ts conclusions, as we have seen, contradict 
{ts premises, and therefore its scepticism does aot ed to be 
taken serionly. 

‘There are, at we have seen, two dangers to which we are 
‘expoved. Tn the fist place we must not allow our epiateraology 
10 be constructed with an eye to some particular metar 
Dhysical scheme. There i no reason to suppose that the world 
‘Was invented 10 suit the conveniences of metaphysicians, 
Metaphysics is an ideal, x remote possiblity. n dream which 
may some day came tract A theory of knowledge is an 
urgent necessity without which no metaphysical interpretation 
is poate. We cannot, therefore, ake out tbeory of know 

to fit a given metaphysical scheme. The second danger 
conaiss in confasing epistemology with other wience, espec 
Ally paychology. Epistemology is not pritsaily coucetned 
‘with explaining perception —that is « peyeticlogical oc peycho- 
Physiological question. Epistemology is concerned with the 
nprejudiced analysis of Knowledge itseli—not ‘with mental 
for physiological processes. Its task is the asseaiment of 
lkaowledge not the use of kzowicdge. But it has to give sme 
account of the fact that we believe ourselves to pomeah a 
large amount of apparently cehable knowindge of an external 
‘world which we all believe (o exist and which we appear 
Intuitively to apprehend. ft also has to give an account of 
the existence of both truth and error. 2 what follows I shall 
‘make a tentative attempt to do this ia & sore satslactory 
way than is the cae with the phenomenalistic doctrines. But 
‘what is here ofered does ant profes to be in aay way « fine! 
"tolation nee to exclude otber possible interpretations. 
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real” god to emve cores sisendertondingsshaching 
to the scientige use of that term. Common sense makes 
‘oeful distinction between “ appearance" and ‘reality but 
ft must not be supposed trom this that appearances are in 
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Inversion of the phenomenalistic portion. For the phenom 
‘enalist the ‘impressions’ are the oniy real, ot at least the 
primary real, and Professor Soddy’s matter and euergy a10 
Only ' convenient abstractions "« 

We want, thorefore, at the outset to use the term “real 
{te ue at a in wy which wil be independent of th 
above (wo views if pomible, The only prope 
cedure woudl seen to be to use the term rea) for an 
‘hich may be said (0 exist, A toothache exists atleast while 
someane is aware of it. One cannot be sensoously aware of 
the non-existent, If someone is aware of it it has some sort 
‘of existence although it may well be agort of existence in which 
4 physicist would not be interested He would not call 
‘Physically real, just as Galleo did not regard the secondary 
‘qualities as physically real. But whatever adjective we may 
‘choose to attach to them they aze in some secte teal and we 
‘cannot limil the term co the things physicists happen to be 
Tnterested in. It will be better. thetelore, to avoid special 
adjectives at Sr and to use the term zeal the widest possible 
‘tense as equivalent ‘0 existent. A toothache need mot be 
immortal in order to exist, and in that sense be rea). as Pro- 
{fessor Soddy would appear to suggest. 











Let us therefore call all that exists the workd of belng—— 
wing the term as a mere descriptive title—without stopping 
to make reservations in regard to permanent or Seeting 
existence oF (0 the diderence between" being "and ' becom= 
ing. Neither need we make here any assumptions about 
‘whether this “world "is a unity of # collection of unrelated 
o« loosely celated entities. Let us try to make a bare Bst of 
‘what we appear to nd without any metaphysicat implications 
bout their relative worth or degree (i there are degrees) of 
“realty, We can call the major items fs our inventory 
* realms, The dificelty will be to ind nase for Unese seals 
‘which do net have impliations and associations of the vary 
kind we wish to avoid. First and foremost we can dstingnish 
thet realm which includes Mill's "objects of intuition oF con- 


seloumness'. It is the reakn mbich ‘contains’ coloured 
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Datches, smells, tele, soands, pressures, temperatures, etc. 
‘iis the realm of bare awarmest—a realm aboot which iia 0 
ifficalt to speak and about which we know so Uitle, because 
mot the workd of daily life. The latter ig the realm of 
things. Common sense passes at ence from the world of 
which Iam speaking to the reales of thiogs. When T way that 
the realm in questi‘ contains ' colours, ete, { do mot teat 
hat these are‘ distinct existences" a4 Home amsamed. They 
‘are singed out from the realm in which they are embedded 
‘and can then be talked aboot. But 1 am not speaking of 
‘the talked about colours, ete, bat of these colours us ime 
ately experienced or seosed, before they become aljects of 
‘thought. I aball contend that primarily this realm is zot 
known but only, as the Germans say, ela. It is the realm. 
‘of Evleten, which isan activity" comsson to all contcious We, 
‘whereas knowing is only ove among many activities. More 
ver it will generally be admitted that this reakm of bare 
_sarness is the starting point ofall conscious human activity, 
‘Whether our standpoint and interests are io the dizection of 
‘cience, philosophy, art, religion, or ordinary practical Life, 
‘One is the real from which we begin and to which all other 
reabns we may discover in same way ultimately refer. It ia 
‘the realm which ie primarily given. We do ect conscioualy 
ceoctribute anything to it, we only select from it. The other 
rreakns which we discover are the outcome of the pursuit of a 
articular interest or standpoint towards thie primary realm, 
Tahal speak of it as the Primary Realm in order to eraphasize 
this fact apd in order fo avoid dividing it up into mental and 
physicn. 

‘Now although the primary realm is the actual starting poiat 
forall conscious hurnan activities iis net the realm from which 
‘we deliberately and consciously begin. Te tealm (rom which 
we uncrlically believe we start is the realm of common sense, 
‘Bot this i already a realm of knowledge—a realm ceached by 
the exercise of the cognitive of iateDectoal activities, This 
‘we take at fst at its face vaive uot we begin to reflect. It 
a caly after this ertical reflective protest han been pursued 
hat we discover the primary cealin which has long been pasted 
Deyood foe the purposes of every-day ile. The primary 
realm is too intolerably complex for common-sense purposes 
Dd the commco ae Ching ropreenta a step ithe diecbon 
of iroplification o abstraction. Later the realm of knowledge 
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{is deliberately extended 2s x good or end in itself: we deliber- 
atrly seek to analyse and discover selations—the two funda- 
‘mental characteristics of the reSective or intellectual attitude 
“and we then exter the realm of sciatic and philosophical 
knowledge. "The chiaf diference between the scentife and 
‘he philosophical atitudes is that scence begins with the realm. 
‘nf common-sense knowledge and extends and corrects it, 
whereas the philosophical standpoint deliberately aims at 
begisning ‘below * or “before” the common-sense level, 1. 
‘geek to get back to the primary realm." But, at we have 
‘een, science in the course of its developesenl, also finds it 
inecemay to take Gp this attitude and the difference between 
science and philsophy begins, from this point of view, 10 
wear a litle thio 

‘Simalarly the artist secks to get back to the primary realm, 
to recover‘ the original innocence of the eye" and his work 
{the outcome of the aesthetic activity. which i not primarily 
fan intellectual one. He does mot deal with common-sense 
things, which are products of intellectual activity. 1s fr 
that reasan that people who are not artists expect art to depket 
‘the likeness of common-sense things, and are disappointed 
when hia iv not done, These facta are also iustrated, 1 
think, by the story of van Gogh who came home hungry one 
night’ to find two berrings on his plate for supper. But 
instead of apprehendicg thea as eataNe herrings asa normal” 
person would, be was sized with aa aesthetic sspiration and 
Painted a picture instead. My view, then, ix that knowledge 
at all level ip the outcome of the incellectoal activity ad 
‘abjecta or things belong ¢o the realm of kmowledge not to the 
primary realm. The objects of knowledge are in « somae 
(which mast be carefully explained)* ereations of the intel- 
‘eetual activiey just ax much as the objects of art are creations 
of the aesthetic activity. But in neither case are they free 
creations—there are" canons" of att and of knowledge. Tha 
‘ask of epistemology is (0 study the relations between the 
realm of knowledge and the primary realm. 

1 this  correct—if the ceaim of common-sense things is 
‘& cealm of knowledge ané not the primary realm—then it 








chara onsen a 
ala ce LTE ie 
ea 

SS oans 


136 THE DATA OF NATURAL SCIENCE 


(atoms that perceptual objects-the tables and chucs of 
every-day bles well a3 the animal and plants of biclocal 
Uboratones—are ako thought-objcts net entities exiting 
a such Im the primacy realm, The ease with which this 1 
exgotien is simply a consequence ofthe imunediocy with which 
the peocear of perceiving. takes. place’ im adult life. We 
Acquire an enconacious fay in perceiving things, just WE 
‘tequre an Socomciows facikty in riding bicycle, although 
both fae to be consciously’ learnt. “Peociving. things ix 
rot simply sensing bat thinkiog or knowing. Occasionally 
irr have experiences which remind ts of the fllb 

“toomatic sinking’ fence leit x crumpledup.fory 
dove on a shelf on which T'do sot vuasally place lowes 
Geening ito the room one day 1 saw an animal gn the abelt— 
furry aaleal. Not expectig to nd one there, and wonder- 
ing what sor of animal it was Tiavestigated it further, Daring 
ths period T was sein an anital—say percept wes an arkmal 
‘But with further investigation ths object soon vanished, AS 
Toke my, percept chaged, The experience im to 
‘watching a *Gissolving view * but it takes place with great 
Tapidity. The animal yave way to a glove. ronsembered 
putdag it on the all, 2d my attention was then Ice to ture 
{o otber things. Th the primary real can be interpreted 
in moce ways than one although some interpretations endaze 
find others do not. Bot s( 1am to sce things i mat be 














interpreted. 
[Now consider a beginner Jookiog through a microxcupe tot 
‘he frat time at a Nistological preparation. If he hat seen 


‘be books and has not been told “what to lok for” he sees very 
ttle, as his teacher gaickly discovers il fe axks the student 
to make a drawing. Toe drawing will be « conlused blur of 
colour—highly "impresaionistic" (even supposing that ditt. 
‘culties of focusing are excluded). "The shasply distinguished 
parts which the (eacher aes wil not be discoverable, because 
they ane not objects for the pupil. He does sot perceive them 
for that reason. The student i, as it were, ‘born again’ 
‘tough the microscope. He ia an jalant in the microscopical 
‘world, He cannot perceive things in that world because he 
does unt powes the requisite thought-objects. What ie 
preseoted to him through the microscope is part of the primary 
‘alm and things belong to the realm of knowledge by meant 
fof which the primary sealm ig interpreted. Hila teacher, on 
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the other hand. has lived longer in the microsoopieal world and 
has developed the sequisite thoughts and therefore sees, not 
‘confused blur bat sharply detined objects. Mareaver be 
exows what to neglect and his drawing will therefore be 
simple than the beginner's which will depict without di 
Criminatioa. Every teacher ol microscopical anatomy will 
bear witness to this fact and alo to the way in which begianers 
edo not sce constituents of = preparation which to um are 
“ceally there’ What to the pope! i & confusion in a wie 
confusion and scarcely if tal cserimimat from it i or Bit 

‘ection of  blaod-vessel related in a debnite way (o other 

inpues oc organs. 
1 conclade, therefore, that the awareness of the primary 
realm excites io us a process, primarily intellectual, however 
automatic it may become, whieh rerults in oor seeing a Ching 
for object. Wedo not nse the object. We sense the primary 
Jealm but we perceive the object. We know the object but 
\we donot know the primary realm save by racans ofthe object. 
Wisin terms of the ebjcct Uhat the primary reek is known. 
‘This isin agement with the fact that common seme Hever 
Stops at the primary reakm bot passes at once to things, and 
Ao with the fact that common sense does sot clagaly the 
ingredients ofits realm by colour or sound, oF feel or even 
shape, but by what things do of what they are for. The 
lussifcation is into sorts of things—animals and plans, 
huis. houres, stones, tonl, ete. The primary cealm is not 
feven noticed it it exnnot be immediately interpreted in terms 
of things, "I is notoriously cay to" mist” am unexpected oF 
‘unfamihas element der the microscope. 

‘We must attend a litle at this stage to the interpretative 
process. Finding myrelt in a room with a stage and complex 
‘wallpaper Tbogin. a the absence of anythiog better te do, to 
‘unas the pattera, The eye rans over the whole surface 
the attempt to discover the "unit which the pattern repeats. 
Having discriminated it 1 proceed to analyte i into its parts 
and their relations. When this is donc and it is posible to 
{rasp the Unit of the pallern the whole expance ts" under- 
‘Rood "se. i ie masteed by thought. Any part of the wale 
paper pattern can now be explained‘, ic. assigned its place 
n'a system, This whole procedure i characteristic of the 
tind’ working in ite functioning in the service of knowledge 
‘Always something is given or presenied—an “occasion " of 
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rwareoese. This i complex und to be grasped It mast be 
Aalyed. It oust be deprived ofits complexity, if posible 
‘oy the discovery of something whichis vepeated or exermpbified 
many tines.” Hence the popularity and vase of ° tomatic” 
rotlons In elence, Tbe microscopical Ged is a contised but 
(G the beginner partly because he does not attend to It sul- 
chy coy, wt i cat lend fo eee eanting 
‘po abjects for him. His mind finds mo foothold In i, 
Ee ey poets ole we toes tga 
like drops of mercury for lack of axing to keep them apart, 
He says he can make nothing out of i wed the expression 
“make is signcant. Tt implies that objects do not amply 
reveal themselves bot have tobe dug out by an active snalyth 
‘a! process on his part. No progress can be made enti sme 
thing i discriminated which recurs and can be recognized as 
Deing exemplified many times. This ie the fonction of things. 
‘They form cenices round which the recurrent features of the 
primary realm erstalize while the non-zecarrent Seaton 
pass en unnoticed. A given microscopical Geid is unique, 
And, a3 sorb, thought can do mathing with it. Thovght 
‘ovis with concepts of universal, ad what tbe beginner im 
Imicraxapy does ts to dicaver the enduring or pervasive 
Seatuses of the microscopic world and zetain them inthe 
world of knowixdge as perceplible things. Now the suine 
thing happened with the carly micoatopists. They had 
either previous microscopical experience noe broke to Ruide 
them. They mut thereore have proceeded by analis and 
‘compan and thus created a basis fe further interpretation. 
‘We al knaw how long it 20k to develop the concept of the cll, 
find what diferent ems it stsumed. Bat when once it was 
elaborated it provided the Key to tie interpretation of Ure 
‘aicrescopical werd io mack the same way as the 
of the repeat provides the Key to the interpretation of the 
‘all paper patter 

"t conclude, therefore. that common-sense thine of per 
‘ceptual objects are concepts oc universals in the above sense, 
‘and that they ave reached by a process of analyse an aynthe- 
sda of wat f presented by the primary realm. Moreover, 
‘whem we are sabd to be perceiving = (ung we ace always per. 
(eiving © utiversal, not a particular.‘ But the primary realea 
a tet 1 mn by» are bie etn, och 
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may be interpreted by dierent percipieats on the same vecas- 
{oa as an object of diferent degrees of geacrality. As Lossy 
says, we ordically perceive objects of a medium Agree of 
feneralty.. For example. a savage might mot. perecive 
‘chair at al, he might not even discriminate it as 8 "thing 
‘Or, om a given occasion of perceiving be or a European might 

ve it only as an obstacle to be avoided in walking. Bot 

‘OUF Parpove is to it down we would perceive Stata chair in 
iReveral, of, It ehere i a choice of chairs we might particulaise 
further and perceive it as a comfortable chai. Whilst a con- 
peissesr woud agaio particularise farther still and perceive 
‘uy, a Chippendale chair. But in all cases, it would be a 
‘universal abd Aot a particular which is perceived. It would 
‘only be particular in the sense of ove and not miany chairs, 
bat this again is to perceive It as exemplifying the nnivertal 
one” What iss particular never ta be repealed isthe actual 
‘sccasion of peseeiving in question. If the particulariziog 
roceas is pushed far caough we come to a bare description 
‘F a region of the primary realm om that occasion, and this 
‘wonld be of lite or no vale for Ixowledee. 

‘Common-sease things or perceptual objects are what the 
primary realm is Inows ax. Perceiving is « mode of knowing 
Of a somewhat primitive type, and percepttal knowledge i 
limited in scope. A given white powder may be indistingush- 
able by mere perceptcal inspection from macy other white 
Powders. Thats (oy many different regions of the primary 
‘realm may be known perceptually both by a housewife and bya 
Chemist, as * white powder’ But to both it may be known 
88 more than thal. To the houscwnfe it may be known as 
toramon salt and an ingredient for cooking, while (0 the 
chamist may be know as NaCl. What does this mean ? 
Ht cannot be known as NaCl in. hare perceptaal inspection. 
‘This tovelves something we have not 30 fas considered, aiely 
‘what ane called peopertics of things. This will be dscunsed 
4m the next chapter." A white powder cas only be known at 
NaCl by observing what it does in relation to other things, 
‘whereas so far we bave only deen coasidering its relation 
(o percipints. As a further example coosider a rabbit, This 
4s Known at 2 perceptual thing by a cook, a biochemist, & 
Physiologist, and an anatorsst’ But to each one it will be 
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noun a3 more, but the exore will be diflerent in each case 
The biochemist knows the rabbit in terms of chemical ccm- 
position, the physiologist knows i in terms of parts exhibiting 
functions, and the anatomise knows it as a system of parts In 
‘pall relations of a certaic kind. Thus in ase sense the 
vbject of study is different in the three cases depending on 
ferent modes of abstraction, and in another sense itis the 
lane, Note that the anatomis’s knowledge is atill per- 
sptaal knowing darted trom @ tatber aula de 

ination af parts in the one thing. The objects of the 
dhysiologist and still moce of the bio-chemist are not of this 
tature Dot resemble rather the NaC) of our former example 
ous in wl cases 10 far coesidered the primasy realm offers 
‘he starting point far thought and the Brat slep is the die- 
imination of things which ore susceptible of progressive 
pecification but can acver de recognized oF entertained in 
ought except at universal. The notion of peoptrtica of 
hings arises from the observation of their relations 10 other 
hings. And just as we tend to think of the things pot as 
‘bjeets of knaseledge but as acteal constitutents of the primary 
calm so we tend to think of the properties as in some way 
"rolled up” inside the ehings. 











IV the above account it correct—that perceptual abycts 
-re not simply found a8 auch in the primary realm then the 
luentin arises whether it is pouible to say anything about 
foe bare primary reabn. Some of the upholders of the sen- 
tum theoty express themselves as though they believed that 
‘hat they call a sensum (e.g. 2 coloured patch) s$ a part of 
he bare given divested of all interpretation, But in coatem- 
ating 2 sensam are we nol substituting one interpretation 
cone object~-for another ? Is not a sensism just as much an 
bbject——what the primary realm is kown as—as an 

cercept ? My first percept in the case of the glove war 4 
tation percept of an animal, Bat i¢ did not endure but was 
‘placed by the percept ‘glove.’ In the sasne way sensa do 
Ot persist but give way tn ordinary peccepts. What 1 see 
‘ben I look obliquely at a penny is, according to the sentam 
eery, an elliptical object. This appears ¢o be regarded as 
lasitive—the very primary realm Jtself. But is it not as 
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much an ioterpretation to say: There is an elliptical fat 
object, as to say: There is a ‘round’ abject with our edge 
further away fear my body than the other ?- It seems possible 
‘that the sensum-thearis's object can no more be regarded as 
divested of interpretation thon the plain man's, And it it 
this impousibility of suppressing the interpretative processes 
‘which seems to render any attempt to characterize the primary 
retin 4 tuch 0 diBeuk. A sew-bom inlant may possess 
the information we require But unfortunately cannot come 
municate it. The beginner in microscopy comes soanewhece 
eas it so lar as the microscopical world is conceraed, but he 
is abeady equipped wilh Knowledge of spatial relations ac 
‘quired in the mearoscopie world 

1 sensa are net geauine "Yaw materials” any more than 
common-sense things why not begin our analysis with the 
fatter? They have the advantage of being in some sense public 
whereas sensa ure vapposed to be private, and at least on the 
‘common-sense level (on which in ordinary hfe we all live) 
there iy a good deal of agreement about them, and itis well 
to Begin with agreement. Moreover we have to remember 
‘het our bodies too are common-sense things whatever elve 
they may be. They exist with other things "in" perceptual 
sptce and enter into various other relations with other thing. 
{Vin hopeless to begin with ' sensations“ or ensa and attempt 
Yo stick them together into aay sort of world. So much 
depends on your starting point, and if you begin with ‘sens 
sions” (eerse-impeessions) as ‘ordinarily understood, there 
seems to be no extape trom subjectiviem. This method has 
deen tried and found wanting. Once and foc all Hume has 
aught us that lesson, and we now know—what Hume did 
tot kanw—that "sensations" are not the caw materials they 
vere suppovert to be hut highly sophisticated products of 
snalyais, only to be found in physiological and prycholagical 
aboraterics.. 

‘Anyone who wishes to study the sensam theory may do $0 
nn the able und painstaking discassions of Dr. C. D. Broad.* 
Yersanally speaking I find 3 very difficlt to believe, and 
sil to see how it escapes from the éiffeultis of the old forms 
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ofthe doctrine of reprewatatve pecepica and of peycholog!- 
‘al etomien. 

‘Common sen things x peroptus) objects ee 

hesesb segs: ty eecapeian at efigaeae 
and the products of amas wwe dierent = the (oo coms. 
For example, » wooden box is anulyaahle by mazipolation 
info lid, sien. 200 bottom, and these are at things o¢ pe 
captual objects. The box Gan nao be anyoed in thought i 
‘nother way, neely into value, various cloer, Marne, 
Temperature, textures ek) ee.” Enoter words in Orupst 
perceptual objet is analymle into a volume and vanes 
*srase-quabiies " wherees this cannot be done by manip. 
ation, I cannot by. manipulation separate the ooloet 
from the volume without alo separating 2 part ol (ne 
volume,” The dilferences between these caferent. methods 
Of analysis suggest hat tbe relation of vohanes 10. one 
fnother not the ume atthe fehatiod of volumes 10 
the weasequalicie This is strengthened by smany_ well 
zown expericncen. A volume of blaod may be fed (0 
oe obuerver and yellowish to another at the same tine 
Moccaver, the ceiatioe af thew qualities to volumes ifr: 
in the case of diferent quauties. Sounds and umell. for 
‘ample, ave 2 different relation to volomes fpom colvers 
{td temperatures. Thas the connexion between volumes 
tnd wemse-qualities seema to be diferent fem the relation 
Tetwoen to volumes, eg te id and the bottom ofthe box. 
‘Moreover, the relation between two volumes ls dierent 
foam the lation batwers two seost-quaities. All volumes 
fre related to ae another by other volumes, whervas there 
teams to be no connexion between, say. red and the siell of 
sulphoreied hydrogen, and if there is i not another senae- 
quality. Some subyectvist arguments. derive they plu 
aiay’trom the dificeies stendiog the seations betwoen 
volumes and the srmse-qailites. st they wualy speak 
120t of volumes but of objects. fa the case of the blood, fot 
‘ezampl, itis arg that beceese two observers sense « difer- 
‘eat cobour in relation to the suze Blood at the sme ive the 
flour mat be subjective "and the blood not colocced nt a. 
Simiry iis considered strange that « penny should ealbit 
erent shapes rer dierent pata ol view been the 
11 am ing tha er by ery deine Yr witht 
ny planets repay Pann ogee 
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‘tape of the penay is eapposed to be constant. How thea 
do we reach the beef that the * physical peany ‘is of com- 
stant shape if we are given only its changing appearances ? Tt 
{ only aker we have got the notion af the constant abject 
that we megacd the varying appearances as strange. And yet 
ithan been through the fatter that we have veached the formic, 
tnd how strange it would be if the shape of the penny did 
‘tot change an we change Ur point of view! There seems to 
be no. ground tr concluding that * the senses sem not 1 
{Give m the truth” aboot the penny. The terme truth’ and 
Malachood "do not apply ta the primary realm. What the 
tenses "give us” are the varying shapes which belong to the 
Primacy realm, but the penny as an object docs not belang to 
Ghat veal at all but CO the sealm of knowledge, and it 

‘because it belongs to the realm of kaowledge—ol interpre- 
tations—that itis eternally of one fixed stape, Mt for 8 
smocient we were to borrow the lanruage of the projectionists 
‘we might say that we "project" the penny trom the one ren 
into the other—inta the primary realm and then are suf 
Drised that it does not always “tf the samme way we 
“pict the bled which a an object, Belogs to the seam 
of midge en ually as the predicate ed attached ot, 
into the primary ‘Se surprised when it some. 
times is yellow. This is a corapkte reversal of the usual 
Account of” peojection” The projectionit thinks that objects 
fre spatially cutie his body and thvir qualities are inal ft, 
tad he projeets the later onto the former, unually contiving 
‘by some miracle to hit the invisibe target, Bat on the view 
taken bere the primary realm ie the realm into which be 
projects and objects belong tothe realm of knowledge which 
fe not a spatial rain at all. This, however, is anUcpating 
somewhat because we have sot yet discussed space, If we 
fare to abide loyally by what we find then we must accept 
‘ava datum that the primary real is such that ane observer 
ses red when and where another secs yellow, and coe sted 
“eliptical’” when another sees “round.” This means that 
‘what the two observers are looking at is ot a thing In which 
Cnumber af qualities ishere but a region of the primary 
Tealm—a volume—to which various qualities (both primary 
fd eecondaty) ace Feated way. oot merely 
to that region bat to other regions, including what % called 
the body of the percipieot and the intervening medio. Thit 
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‘sof couse shocking te common sense becasse the latter is 
most necessary and uselul simplifcaiion of what is the cate, 
Common sense, quite legitimately for its purposes, considers 
the volume in question and neglects everything ele. Tf by 
A" having ‘the quality R we meao that under a cecamstances 
‘when we apprehend A we shall apprehend B thea the volume 
cannot be said to have the colour ia question. Bat a volume 
‘when visually apprehended is also seen to be related ta some 
‘colour, but which caloar depends on the circumatancct under 
‘ehich His scen and no volume is ween cat of relation 10 ame 
hing else, The sume remarks appiv ta shape, The aiccees 
cof the common-sense habit of simply predicating the colour 
‘of the volume depends on the coneiance of ordinary cifcom 
stanees of perception. There is ne occasion whatever 40 taf 
ta say that colours axe sabjective or mental. All we have 
to adinit is that the relations of colours, ete. to volumes it 
14 great deal more complicated thar is supposed by common 
fete and that need not surprise us. Neither need it be 
‘concluded that the" realm of knowledge "is mental. Mental 
land physical are metaphysical terms to which we have not 
yet arrived, and it will be well to postpone them as long at 


"ifs rerard shape, what sea dhe shape bens annie 
pretation and beloogs to the cealm of Knowledge. It isthe 
{ne which is coualy "upheld" by further eapioation, ke 
{he glove in my former example.” A small worden cube 09 
{table for example, pevcevet a8 3 cube from all pnts ot 
‘ie (prided we are nor fo clove Uo it) bot 1 ay 
Preted in other waya. er ag having 3 protruding ot rec 
Sage, ete. Bat tie diterog interpretations do ot pert 
{nthe way thatthe interpretation called the real" shape dock. 
“The ahape as sen ftom 2 given standpoint i ue pect ofthe 
Sala in questi nce legen saben wear com 
Trkted tthe ogncentric predicoent "Fhe socalled“ ral 
Ahape’’ ax perceved fue. isterpreted as cubical) ix reached 
by 4 esnthese and select of the aepects, Moceover the 
‘Ral shape pdes the carpenter in nag the cube iw sch 
wy thal ic wil yield the various aspect. 
So tar we have ad the prinary renin as comsting of 
primary and secondary qualities rested 10 one another in 2 
Simaplated way through wolamses AU! this 1 take to be 
Fetoary and given, Op the othec hand we ave the realm of 
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knowledge which is a word of interpcetations reached by the 
‘exereine of the intecctual activity directed towards what is 
Byen. Thave conned attention to what is given in semse- 
‘Swarcacts because we ate concerned with eataral science, not 
because I suppose that this is all that is given. Sumething 
more must be said about volumes and in justiication of the 
Inclusion of this element in the given. [tt is not so included 
Tam unable to tee any escape irom subjectivism. 

‘When 1 perceive a cubical box f am not aware only of is 
volume but always of a wider volume which encloses it aad 
‘also encloves my body cosskiered as a volume! The same 
fa true if we contider auditory perception, Wheo a bell i 
rung belied my back am aware that something is hepponing 
(Ge time is invatved) in that wider volume, although itis bat 
‘Vaguely specised as regards location and character. Thes one 
discriminated volume is always discriminated ms part of @ 
wider volume, and two volumes are always discriminated ad 
cencloted by a wider volume and as thereby related. Profesor 
‘Whitehead calls this fandamental relation between volasyet 
the eation of ents» He an pint ut that the sae 
relation ween periods of time. We peroeive volumes 
daring periods of time, One period of time enclows other 
pestods ad is Hull ech by other pid ot overlapped 
y other periads. Also there may be periods which 
imcloue nor overlap & given period. Profenor Whitehead 
shows how the points, instants, lines, ete, of mathematical 
physics can be derived fron volumes dart periods of time 
Ddy his Method of Extensive Abstraction, Now nothing of this 
kind can be suid of the scrae-qualitie, They have no parts 
‘except in so far as they borrow this character from the vabuoes 
to which they are related. Tt should be noted that although 
in the cate of the ringing bell the time element is not easily 
forgotten, in the case of the visual appreheasian of the cube 
‘of wood the fact chat what ig perceived is a volume dating a 
period of time ig much mace likely ta be naglected. But it 
Cevidest that the two cases are aot diferent in this impottant 
respect. 

Te seems, then, that what we are aware of aot simply oxo 
fined to sense-quabties, but ako includes volunes duriag 


CLM. Kemp Sqit, Pregonaa an lvls They of Karte 
eT ang of Naat Korine, Contre, 28 9.75 

















tgs THE DATA OF NATURAL SCIENCE 


periods of time." But these must aot be confuned with the én 
‘ellectnal constructions called space and time which belong 
to the realm of knowlodge. We need to consider the relation 
‘of sense-qualites to volumes during periods of time a litte 
further. The diticulties of this problem largely arise, as I 
Ihave said, fom tre common-sease halt of thinking in terms 
of objects ponsessing quali And objects really do possess 
‘qualities arvd properties and much else, because thats what 
Abey ate fo, "Am abject is a kind of portmanteau into which 
‘we pack our experiences. But objects belong to the real 
of knowledge and when we are trying to get back tothe primary 
‘tal they will only lead to confasin. - Coraequcotly we need. 
‘hot expect sense qualities to have the samme relation to vohses 
‘during pettods of time ax they do tooblects. adopt the view 
of Profesior Whitehead that the senae-qualites (or sense- 
‘objecta es he cals them) have a multiple relation to volumes, 
‘and cannot, therelore, be sabd to be the qualities af one volume 
‘concerned rather than another. When T am said to be seeing 
1 ted brick this may be said to be the colour of the vahume 
‘whieh 1 am knowing as a brick under thet particular set of 
ciceurnstances so long as we remember thal it is nol* possessed 
Dy the vohume in the sime way in whic itis pomemsed by the 
rick, Le. in a two-termed relation IL is not a character 
of the volume in the way that itis = character of the brick. 
Teiat character of the whobe complex constituting that particu 
lar oceasbon of persciving. The brick, on the other band ie 
‘character of the volume which is known as a brick. Tt ex- 
_presees the more or ies perzoanent bat abstract Seatures ofthe 
history of the volume in relation to other volomes im the 
‘pelmary realm. For it a the function of objects to xather up 
land preserve ia knowindge the mare enduring or recurring 
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‘were in a seazecreaticnn of the intellectual activity they are 
fot jas oc asblerary creations but represent at the same time 
Sxcoworics abut what i actually the ease. They ate the 
result of abatraction and selection end to ast extent may be 
‘ahd to be‘ foe" in 90 far a3 we are free to abstract thin or that 
feature. So moe then for scave-qualitics as terms in a 
sharacterizing relation to volumes during periods of time 
‘What can be uid aboot their place ?- Tt is Grst necesary to 
rote that aaly volumes hae spatial relations slace every 
vokine Is related Ina deGinite way to other vohioes by yet 
ther volumes. Sense qualities do oot appear to be entities 
which are capable of "simple location. They ame appre 
fended an related in vagor way to volumes obvionly 20 
Inthe cane of nels and apcodh, lew 20 in the case of foes * 
‘tad colours. Ifwe are co put colours anywhere we should pat 
‘hema 1a the place in which they appeat to be, Bat they are 
ot aes nes ee ee a 
"there". ‘ tory it Hs not 
surpelang that sexse-qualities should ail to find a cownforeable 
place in our ordinasy ways of thiaking cince the latter bave 
dabberualy refed wo have asything odo with them, Puting 
‘thm in people's beads meer banistes thera ftom the 
ofbeing bor males ther coming and going any more intelligible. 
We seer to be driven to admit that they are entities of 
peculiar kind as regards their spatial zelatoas, They are 
‘spatial only in a secondary or derivative sexse. 





Somnething must now be said about those siveations in which 
ime perceive objects altbough. as common sense expresees it, 
there is“ nothing there‘. These situations include dreams, 
halfacinations, and iluscry situations io waking life. The 
‘characteristic of all these aitoations is that the objects are 
private and are not perceived by other percipients, whereas, 
{a wormal perceptual siteations (wo of more percipients, 
however much they may dif ia detall about a given object, 
‘owing to their different points of view, will usally agree that 
they 420 both perceiving the same object and will agree about 
ita greeral character. This means that they are both knowing 
‘the name rexioa of the primary realm as or in terms of the sane 
thing of object which it exemplifies Moreover, evea i the 
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‘absence of another percipient we do not normaly remain long 
{a doubt about « perceptual object. As in the 
‘already given (p. £36) lurther exploration either upholds our 
first interpretation or the latter is replaced by another inter 
pretation, Le. another abject which is upbeld. Thus a per- 
‘ceptual object is regarded as * normal’ or ‘true or "yea 
‘wha it is perceived by a number of percipients or when it is 
‘on further exploration An” apprarance is either 
1 bare uninterpreted Dit of the primary realm, or it iva bit 
facocrectly interpreted. It sually means a sitoation in which 
‘there hs been a breakdown in the castorsary process of ceduc- 
ing all experience to the ‘tamitiat.” Jn non-ilusory per- 
cxptual situations our bodies are in telation to a certain dit- 
‘erominated volume during & period of time whith ' upholds" 
or‘ exemplifies” a universal of a certain kind, narcely a cor- 
imen-sence thing oc perceptual object. This perexptual object 
in what that volume is imown as 2 natural science all 
knowing is mowing samething as something. The verb ‘to 
lnow “is extremely ambiguous. In one sense we may be 
234 to pow the volume, in another sense we only know the 
perceptual abject. The volume and the related sense-qaalites 
‘and other related volumes daring 2 period of time are appre 
bended, of intulted, or ele, but a particolar region ia singled 
‘out by analytical attention and Aeows au an object. ' This 
Js'a glove’ means "1 am bere and sow in the presence of & 
volume thete which is now characterized in a certain way 
Which distinguishes it for me from other volumes.’ (¢ does 








‘ROL meas, es common sense seems to suppose, “{ am here 
and a glove is there and that is all there isto it! Tt eveans 
Tam ere knowing that there as a glove, Bot "that" aay 





be known as many’ other things, (or exarapl, by the various 
branches of natural science and by various trades of daly lie, 
"That belongs to one realm, and what that is known as 
belongs to another realm. naxpely the tealm of knowlndge. 
‘Nataral science ia a part of knowledge. T's propositions make 
‘assertions about ‘that ” in terms of itu various object, ie, 
what it knows that" ua, and these amertions are upheld by 
“that and are therefore called "inue.’ But the cealm of 
aateral scientiSc knowledge ie wider than the realm of pet~ 
ceptal Imovledge becanse it containe objects which ae not 
exemplified in the primary realm in the same way at are 
pevceptual objects. Bal if they are based on experience 
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hey mutt be exemplified in some way. Tht aloms and 
‘electrons ase no mace literally ‘in’ the primary cealm than 
fre chair, beicks o rabbi. By saying that the atomic 
heory {9 troe what is maant is that the primary cealn ip 
Ibalds or tolerates un atomistic interpuetation, just aa it up- 
‘holds the ioterpratation ‘chair’ or" brick', but im a ess 
‘direct and obvious way. But in allcases what we immediately 
observe veems to be one volume, diseruninated from other 
‘volumes, during a period of time, with its related vense-qualities, 
‘Now Professor Whitehead calls « volume during « period of 
time an event and in future it will be mare convenient to me 
this expression. [ shall follow Professor Whitehead in what 
he says abost events, bat [am doubtful how far ray view will 
‘agree with his tbeory of objects. He calls sensequalities 
objects. But as seed they aze not abjects ia my view bat 
‘constitoents of the primary realm. They can become objects 
a soon as they became concepts. Red as sexced is ove thing, 
tbat red as known or thooght is quite another ching. Also 
perceptual objects do not, ca the view here put forward, belong 
to the primary cealm but only to thoaght. But that does not 
satan that they are not (in come sense} * real 





In spite of repetition it will be desirabie now to test the 
above theory, and at the same time make clearer what is 
meant, by analysing an actual biological proposition such as 
a geneticit might enter in his mote-book. We can take the 
{allowing 
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a4 It is & perceptual object now being exemplibed in the 
‘tuperience of the obeereers. “Ts* meant "in characterised 
by". * White "is another universal, related to the perceptual 
‘object “rabbit "by the characterising relation, but the white 





‘means that the operation of weighing bas been performed, 
ie that which ts known as 2 rabbIU has entered into certain 

sled relations with other events with the passage of 
time with a certaln cbsecvable remit. ° Measures 1 fl 9 10. 
te. indicates that a certain standard measuring fod has bees 
applied to this" accordance with certain rules, the expres 
‘Hoa ‘trom the tip of the snout ta the tip of the tal‘ speciying 
‘the dirretion along which and the limits between which it han 
been applied 

‘Now the above propositions presuppose what in called a 
normal observer and norasal conditions of observation. If 
‘we introduce a man wearing blue spectacles and a man bern 
lind’ the situation becomes mare complicated but need ot 
aad us fa scepticism. The man with the spictacles will 
declare the rabbit to be blue quite corretly becatze the rabbit 
the sees is blue just as truly a3 the rabbet the normal observer 
sts 48 white. If each predicates blue or white only of the 
‘inual peroeptual object he perceives there is no contradiction 
because there is a two-termed characterizing relation between, 
the perceptual object and the colour, but if each one predicates 
‘the colour of the event hich is being imown as a zabbit than 
they fall inte contradiction, because they bave omitted the 
‘other terms 10 which the colour as sensed stands i a multiple 
‘elation, The aormal cbserver orils thege terms because he 
telies on the constancy of conditions whizh enable hia assertion 
to stand gs ifthe colbur and the event koown ae a rabbit were 
more simply related. To the blind man, on the other band, 
the asertion that the rabbit was white sould be meaningless 
because he is jocapable of visual peroeptin. 

‘When we tam to the emertioes about length and wright 
shee is no season why, with suitable contrivances, all three 
observer should not agree. Whether the event be known 
‘wa bine mbbit ora while one malas no difference te it length 
Tit even makes no diflerence whether of pa it i known #8 & 
rabbit. What ix mearared is not the radbit but the spatial 
‘separation betwoen two limits of the exent which ig kmowable 
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4 x rabbit, The eabbit os « perceptual object iy w character 
Of that extent, and its the exteot that we measure. These 
facts illsstrate the abstract character of physics and why itis 
that the secondary quate came to be considered * 2- 
‘eal’, "But from the biological point of view they may be 
very important, To a geneticist the fact thet the rabbit is 
‘white is just a important as its length. A litte consideration 
‘wil show that itis neither the viua! rabbit which we se noe 
i tinal a at ork SA mei Tie 
serve to guide ws és adjesting the measuring rod tof 

spatial extent which is mensared, tx determing the length 
the rod must be pazalel to the direction alone which tis 
applied and the line of sight sas be perpendicular to the sed, 
‘Thus measuring with a rod presupposes bodily movements 
through which te requisite congramnce relation is brought 
about. As regards weight nothing more need be said here, 
because weight isa" property "and propertics wil be discussed 
in the next chapter 

So far we hare been considering perceptual objects of the 
kind that can be exempted in suany places at Che same tat, 
eg. there are many events which can be known 29 * white 
rabbit“ bat all percpual abjects ae not ofthis kind. Con- 
der, for example, the earth's satelite, There is ooly ont 
toch. This a pereeptsal object chic i only exemplbed 
in oxtain places at certain times ax preicted by the Nautical 
‘Aimasac. "What it "universal "io te cease in which L have 
been using tat term} about the moon ijt mode of occurrence 
in space-tne, since tis fm virtue of this that we are able to 
Feeognise it, on a given oocasiua, exempllving the pet- 
cxptual object’ moon Tn this example we have the following 
entities te consider: (2) the sllvery disk and its spatial 
separation frora the body of the percipient. As in thr oxse 
Of the ringing belli is perceived as something going on at & 
remote but vague distance Iroc the body. All this belongs 
tthe primary realm. (2) The perceptual object of the pla 
mas, which belongs to the realm of ) Tae 
‘moon, of the astronomer—also belonging 10 the realm of 
Xnowledge but more extensive thax the plain man's becuse 
‘he astronomer has prostrated further foto that culm, This 
‘boon is" spheroidal’ basa far ade which in nover perceived, 
‘te. Whea fam perceiving (a) or thinking (3) 1am knowing 
(0), am event, at (2) of (3) a5 the case may be. Thos percepts 
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or perceptual objects are concepts which are capable an 
(Goan actos of tres exempbscatian inthe eimary fea 
Sifioue someiking seed. Les witout avaeness of the 
primary realm there would be ho concepis or percepts 28 rw 
focural saeace fs Comccrwed. Det Ghee can be concepts of 
Iomething wich cannot alo be Known ax percept, Some 
Sach concepts may later“ scqeire* perceptual exrepliication 
1 was the case with the planet Neptune, Moreover blind 
than can kaow the moon conceptually but not pereepteally, 
“The perosived spatial separation ters the body of the perc 
Dent is vague in tbe case of the toon Because there fo 
Toreated actual ceperience. But note the let vague 
hough Ie beri sas much 0 datom of pereptual expenenee 
[sate lvery disk fs put of what i semed 

‘Primacly we identity (2) the pereepesa) object with (1) 
the event wich is baw ar it Later when we lar a Uitte 
mentary astronorny we 34d oor concepteal moun {0 {2), 
tnd call the poyatal moon, “Thea we earn 2 ittle phy: 
ology and petape come ta wonder whether the silvery 
‘an have any relation 9 the physical moon. We may read 
Phesomenalate srpuments and develip doubly. about the 
Existence sod" knowablenen “ol phytical moon”. We may 
thes come to weppose thst the conceptual moun (3) 4.3 thought 
bout th ulvery dik ota thooght about pothing But ica 
tot bea thought aboot the slvery disk becasue many things 
tre predicated abvst the event which # Keown as lve Moon, 
‘which would never be predicted of the avery dik, All 
Thee ditculties arse oom the fact that we have abairacted 
te avery di from its spatio-temporal relations, and then 
Inade the fistake of ripposog that cur knowledge is ened 
to ibe bare abatractamm 

1 is berate there isa systematic correlation between the 
siivery Gk and space-time that Rnovledge of that wich it 
Known as the pertopcual moon is positie. The astronomet 
‘alls on this systematic coreation whea be points Me el 
Aeope inthe cizction ofthe silvery ink. Ts this cave iis the 
‘rection that matiers—the direction tm whic he haa to leak 
{im onder to become aware of the slvery disk. Thin rection 
4 correlated in a round aboot way with the spatiosemperal 
lutions of the event which i Keown as thr estronarot't 
‘ody andthe event which is ksown t0 the soon. The 
fetruoomer cxnbot roeasure the aoe in the sume wey (bit 
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wwe measured the rabbit become tactoal data are lacking. 
“He tharelore measures angles and clock readings and mach ef 
the conceptual knowledge of the tion is reached in this way 
‘on the basis of the axioms of some four-dimensional geo- 
Cchronametzy of othe 





‘In thie section I shall try to explain what appears to be the 
ature of the Tlation between thougatabjects ot concepts 
land that of which they ate thoughts, 0 far asthe concepts of 
futur science are concerned. Consider a map. ‘This i & 
Prosivet of kpawiedge. I eas mach am octcome of the intel. 
Feotual acsisties as the aria’ picture is am outcome of the 
aesthetic, But it sas it were embodied "Knowledge, because 
the map also belongs to the primary realm. [can be known 
Perceptual object Now we take judgments of valor 
boat mapr, jus wwe do abwat pictures.” A god map i ue 
‘whieh enables us to fod out way aboot inthe prmry ran in 
whieh our eves move. ‘This, a3 weave sen, It spation 
temporal real, a realm of directions and distances at a pood 
map has to corespond, in accordance with a chem of one 
Wenlional signs” with those directions and distances, ‘This 
‘i posible on account of the property of directions and dst 
Antes im vitur of which they Can be accurately represented 
on difereet scales. ut by means of is wsoventions the map 
also tells us about the kind of perceptual objects which are 
kely 19 be exemplified os the way. Thus the map i tepre 
sentative of what iC is knoviedge of, By a good map we 
mean one which represents whatever it does represcat fray 
‘And this we test byseing whether we do in fet Sind what the 
tmup lead us to expect. La map were typical of conceptaal 
Jknowiedge in general (and al that can propery be called kpow- 
ledge eer to be conceptual in the wide sense) then we shook 
be able to may that knowlege is always representative (2 
the above sense) and our ertrian of truth would be corre 
pandence betwacn the thoaght-abject and whatever that 
Sbject was a thought of. Buti the cas of the map typical? 
Jin the frat place (0 be noted chat ie would be posible ta 
hhave the knowing which the map conveys without the map. 
‘We do ofcourse have « great deal of topographical knowledge 
of the sine type about regions with which we are wel 
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scquaintes withoot vsing maps, The actual map is a means 
‘of conveying topographice) knowkdge to thers pictorally, 
te through visa) pereeption, and thos foils the same réle 
a the written sentence ar other vinble symbal.. ‘Thus the 
imap is doubly” representative: it represents the actual 
irections and distances we have to traverse in getting from 
‘ne place to anather, on reduced scale, und it isrepreventative 
by. “embodiment’ of our conorplaal knowicdge of 10ch 
mites. Directions and distances happen 10 be the kind of 
entities which can be represented ia the way. Bot there are 
plenty of thought-objects or concepts (for “objects do only 
Delong tothe realm of knowledge} which cannol be cepresented 
by sock means ana map. {ewe run over out stock of cientibc 
concepts we shall fad namerocs examples. Contider enerny 
foc example. We have a word for it aod we think about 
butt camaot be represented pctorially and cannot be imagined. 
Te can only be conerived or thought. Mercover i not 
‘ovaidered to be only an abject of thought, hut something ese 
{in another realm of the workd of being is believed to exist to 
which our concept of enerey refers! Bat if we act about 
Saking for perceptual exemplication of it in the hope of 
finding somacthing of which we can say This is energy, in 
‘he sare way that we cam say : This is a abbit, we shall be 
Seappointed. Thus we appear to dscoves entities which are 
tot fgund to be immediatly exemplied in diect percep! 
‘experience, and aoch entities, not being Know ah objects of 
Petoeption, cannot be represented in the imagination: they 
an only be thought 

‘Next consider a mathematica proposition: 34-2—4. Ie is 
dear that the concept 2 is 8 pure object of thought not ex 
emplibed as such in perception It struc that we can perceive 
fenttien which can be known as (wo things. bt (tin mot the 
‘things Dut Gir twoneas which we think with the concept 2, 
‘Moreover the notion of aditon has 8 special meaning, because 
if we add two drops of water to two more érope we get not 
Sour but one drop. at cven if we measure too €€3, of water 
‘and add them to fwo es. of lechel we do nol obtain four eos. 
fof the mixture. Thus there ate concepts about which troe 
Proportions ray be asserted—concepts of abstract logical 
flations—hich are not supposed (@ bave representatives 
‘fn other reaima inthe same sense as thet in which the concept 
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of exergy ‘8 commonly supposed to be represented, Then 
there are such entities as electrons which are supped to bave 
representatives in the primary realm, but can they be repre: 
sented pictorally when they are not supposed to be dscover- 
‘ble in perception 7 And it we do represest them pictorally 
Jrow shall we tell whether he picture is true when we cxznot 
test this ia the same way asthe pctocially representative map 
in tested? What tempts to\do so in thas case i the fact 
‘hat they caz be imagined as litte round parties and sa 
forth, But we can no moce teat the imaginary picure than 
‘We could 2 painted one, 

"From these exazzpes we sce that the case of the map was 
‘ot at all typical, but bas many features not shared by al 
concepts. That iS fo say although, on the view here taken, 
All objects are concepts and some are perceptaal objects 
(i. concepts baving perceptual exempliScation) by no means 
‘all concepta are objects. There does seem, however, to be 
So Aghs comes te care ernest vey, 

nt all concepts are representative of ie. thoughts of. some- 
‘hing a, Bat the tomething’ ay ot dacverae 
immediately through perception. and cannot therefore be 
represented pictorial. This distinction, as already men- 
tioned in tbe Tstzeduction, is of great importance on Recount 
of the way in which conceiving. peretiving and imagining are 
perpetually confused in sceatise literature. ti anotber 
‘ample of the way in which common-sense procedure lable 
tomisnad ws. It happens that most of the objects of oramon- 
senne thought are perceptual objects and consequently out 
concept of say, a chair can be represented by an image! 
Hence common-sense thougtst largely consists af thinking by 
oeans of ioages—a mode of thizking which is limited {0 
perceptual objects—either by revival of sach ja memary, oF 
by fre recombination ot” paris” of perceptual objets, Bat 
43 we ave seen thoaght is much wider chan perceptual 
ought. AUl our sceatite thinking i doce with concepts 
only tore of which are objects and only still fewer of which 
fare percaptual objects. Accordingly only a few can profitably 
‘ba represented by images and we mest be on ous guard against 
‘the teraptation to conceive such extites atoms (0 nalvely 
tfter the model of percepbie belb. Rabbit, rodant, mammal 
‘re oll names, i2. symbols, for concepts, but they are not al] 

He atone, 78 
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on the same footing regal pct) septation. Ax 
‘te pau tem rob to Staal we become tare and mete 
Tabac "Ta isn ommal' means "Here and now te 
friar realm is characicrand by masimaioon” sod ye 
‘antot have an image of matsoalotr Ht the primary relim 
Stele character) by suarmalns trast sso be harae- 
tered by laine, tlicesaetngnem, ete, erator thir 
‘iat matmtalomr mane.” We thik fe soacing, aot mena. 
Tiel tn tages It charscertie of moder wee Ct 
Hs concepts ore becoming, how and ar pctersble tothe 
tina and constqetstly more and more lable to be 
ttateacied by the wae of ager sad theese an essere be 
to common-sense ways of Making 
‘Row ie wil be event that tor accorate thinking and 
Irate ducunion we mast cetine Jo mean the ee, and 
fr atola moat cantnce to awe the tame telernce,t- 
thee shal, Jaealy. bee Symbe fr each concep. This 
almost trite precaution fh kn pie of iis obviouamens, very 
Frequently nepeced by baka. We perpetaaly Bnd erm 
Ad in two oF more sens sstbout adequate debnition, and 
ifzany sei hh aie ot i 
‘wn nd what he meane by a word brease e has 
tegmcied te prcatcs ef tying tee cent Smt 
ny this not secenary, others that i is ipouibhe Thus 
Uaab wrote’ * Science not the field of deniers but 
prediction and contal"*" Bot what oct of mathematics 
ould we heve i x meant one quastly om o0e ide of am 
Saearin and another on the other? it will of court be 
Snrwered that the subjectanaterof bokgy does not aft 
Af prec (eatnen, that tere are no hard nd fast nes 
nature and soon. Tela statement i profoundly tue, at 
the atawet ie simply this biology wil be saeaie peel 
inno fara we do succeed in ipong "hard a fate” 
mature, a, tat 6 say a8 we sone in concept 
izing nature. The aim of biology is not piclocial represen- 
tation oF photograph reroducton of cbereaion, it tie 
eaten of» syematie’ body of propoutons about those 
{Stes which are known a8 vig organisms, and cleat con 
Sp trp rk To tony ps oe 
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Image nthe ove nage at ne ew ok 
‘Sk fom sith ean rie atta oft sae 
the pom Far oom thor nt ee oud bt be, 
merely ‘ arbitrary". And in the second place although we 
‘rey avi he fae staan apr oko cant we 
telat ful nn tc ch ef aera Tae 
Ste aces depend pn ne ne tn ct pie 
tet wit Tar tec oid he snag er, 
Thermbtake hs ma ot spying tat my Sve of 
‘Rent cx br ecaabn oben he ay ae of 
‘hrc thee mpi” Cascgunty te vce fo 
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realm. The percepteal object itself mars, as we bave seen, 
the recognition af those aspeets ofthe concrete oocasion which 
are repeated or exempliéed in other places or st other times. 
‘The process of abstraction ia not arbitrary ifthe primery realm 
a not arbitrary. It there is aystemstic corrdation im the 
primary reabm then thece will be principles governing the 
‘process of soceessful abstraction. ‘These principles have only 
een discovered to 2 iited extent and in a few sciences and 
‘heir elucidation has required the best efforts of the greatest 
geniomes" Logic is not at all concemed with "arbitrary 





Penceses = 
‘What has here been sad aboet concepts cen be idustrated 

by reterenes ta the histry ofthe concept of the cell in biobogy. 
‘The concept ofthe cll was the outcome of the optical analysts 
Of organiams._ It repesented the picking oUt of oe recurring 
Structural texture coruan tothe vast majority of otgaDmMe 
Fit it meant the wall—the feature most ebvious is plant 
cals thon the tall within the wall and finally the suf was 
found always to be diferentlated so as to posmeas an optically 
itingusbable body—the naclus. The concepts” <yio- 
Sieger aero tix uy whch fem ting eomred 
{rll being expressive ofthe way: in which these things occa 

thc wal ed pnt body Ta coory wes eto 
thane elite sa ew te lb 
left out of acooant. Bat in this form K conkd be 
over all oraniams, inclodog Protstu and the. gametes of 
Sormals and. planes, Thus al crganiams were regarded as 
Consisting citer of a single ce, or ef «mass of ells—the cal 
Deing regarded as the "unit "of structure. With the advent 
‘of the doctrine of evotation the whole celbtbeory wae given & 
Phylogenetic interpretation. 

th the progress of iarestigution with the discovery of 
‘roma, symeytia, ete—changes began to take place in 
the meaning of the word oxll Also with the progress of 
esearch tbe of celh they came to be severely cried, sod 
tridh this as Deen contend etic ef the cell concep. 
Professor E. B. Wilson sites. 
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This defcitog mavt est 
{ates in atara mince. ¢ man be Goved gern Seto, 
‘Gay colkiias by the advances af ait'semtary sn 


Now compare with this the following opinion of another 
eminent cytologist, the late Professor Doncaster 


“inigg cere omit 
_cSeoerea eens 





‘Theve two passages show very clearly the desirability of paying 
a ile attention to Erheniniakrisk un behalf of biological 
‘thought, and particularly to this question of concepts. Let 
‘uk see how far the view {have been expounding will help to 
clear up the apparent confict and contusion in theve two 
passages. In the fit place, bearing in ening all that has been 
said ‘regarding microscopical observation, it is clear th 
{Tat the cylin es when it mid f be “eoing at 

a peeepual object ad thevfore belong the world 
STaneleige tnd some degre abut It what be 
toe somthing bth peoury rain at Now the coept 
"eell' an defined by Profewor Wilbon it obvioudly highly 
abetract and that i¢ why it is capable of being so widely 
feeneraliand.® Much of the critic of the cell-cencept rests 
‘on « failure on both sides to understand the abstract character 
‘both of the perceptual object and the concept. Jn the fst 
place the usual mistake (derived from comzuon sense) is made 
Of taking the visually perceived cell at a piece of “concrete 
ality fo use a common expression. What is coottte is the 
event with ils related events and ‘sense-qualities', which it 
the total situation part of which is being discriminated and 
Jenoven as the vieual perceptual cel. A stil further and more 
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serioos mistake may be made of “rity” the concopt ca 
Witen coce thew mistakes are made contoson i inevitable, 
‘The peogreas of investigation soon shows the inadequacy of 
these comoepts todo justice to the subtlety of plant and sal 
‘organization, bat the critic, having veade Ue sare mistake 
she coon a tat peer ewan nt 
ect thooe cs iRterpreted, are very 
Cadoale en, bat to ert to ober mogen fasta 
‘hich wil be complementary to them.  Caslead they point 
te the riches and compleaty ofthe facts, and eantrat this 
with the meagre emptiness of the concept—ahowing clearly 
tha they expect the eancrpt i some way to exhant he fae, 
‘apd therefore fil co undersiand that the Valse of the coareyt 
depends ca its“ meagreness The opponents. on the othe 
hha realaing the value of tbe concepts, bat also filing to 
understand their abstract natsre log (0 them as “concrete 
fete” and are table to appreciate the critciams of theit 
adver. The controversy betwers the supporters of the 
socalled" erganinmal” and" ekmratal "views of the organi 
feats largely on ths file 19 undettand the nature of con- 
‘epteal sralyis, and to sppeciate the fact that ene mode of 
abutractian doei not necessarily exclude all others. The 
‘taining of the biologist f rot Cavourabe to the cultivation 
of the mode of thought reqaaite to the undentanding of tht 
Supect of such controversies, and accordingly these conte™ 
versniste are apt to take sides in mach the same spirt ar 
andidates at politcal celine. All the onesies, the 
fmarowncess, and above all, The intolerance of the 
rites Profewoe Hebinoase, "comes from this 
Abatractin of thought. And so the mind, though it mutt 
abutrace, mit, ignore, bs bound always (0 supplement is 
partial dealings: raat "strive always towards the whole" 
fad ft cannot beceme the whole, mast try a least to mnt: 
stand its own Himits 

Much sare wenaics to be said about the cell concept and 
smoch remains fa be doce to clear away the dificuis tieed 
by the two pamages qaoted above” But tbe discussion 
specie biological problems willbe ondertaken in Part Has 
this topic will cise again there when we come to consider organ: 
faation. Neither doc it seem at all neceuary to dicuss here 
the ontological staras of concepts because that belongs te 

41s Try of Revell, Lenton, to, p7. 
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mmetaphysion T think it & feirly sate to say that wherever 
IU pomible to attach 2 defnite meaning to 2 word thal 
tmeanlng is the concrpt. "Bach act of conception writes 
‘Wiliam James, “ests from oor attention singling ott some 
‘one part of the mass of maticr for thought which the World 
revents and holding fast to it, without “confusion.” fa 
‘Another place be says "the mind cin always intend, and know 
‘when i intends, to think the same’, But it ated not be 
oneluded ftom this that concepts cainet change, or better, 
‘hat one cannot be abandoned asd replaced by wncthec. Toe 
important point is tbat one mast Know when such a replact- 
ent occurs and ake te necrsary alteatin in the defiton 
cf the word or symbol. That concepts do become obsolete 
Sand replaced by new ooes is clearly ster in the histary of the 
Concept of the ea. Alo f should add here that 1 d0 not 
believe the process of ebstrarticn to be such a wholly arbitrary 
‘fair and one se emttely dependent Spon’ subjetive "factors 
41 some pragmatis(s would have us suppose. Tal will be 
‘lear from what has already been said. 

‘Before concluding this wection it wi not, I hope, be amiss 
to hark back for 2 moment to the historical pot of view, 
[A the time of Home thinking was believed to be a proces of 
passive contemplation of « panorama of sseretefnages with 
fo intrinsic connexion, with one another. The follwing 
passage suggests that Hume sealized the inadequacy of this 
Simple view 

















tha may pecnve tay repubiance src te ade Ae wt 
Beal tt comepeteance ee 
{in clear that Hume is here referring to conceptual thinking, 
‘but with the peychological assumptions then current it was 
ifficalt to me how such a proces was pomsible. He says that 
{it is done * by a bind of magical facalty in the soul, which, 
though it be always moat perfect in the greatest gemiaies .. « 
a, Bowever, inexplicable by the utmost efforts of haman 
understanding ". When Hutte came opon difcalies of this 
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kind, instead of ceexamining the assumptions upon which 
they’ depend, he either dismissed the dificulty at insoluble, 
‘orcontented himeel with amaleahil, For example, referring 
again to concepts in a later part of the Trealite, be says 


“erat tna rey stg bat pace, cme 


‘Aad yet, in pte ofthe fact thatthe above was writen neatly 
two tundeed years ago, inspite of the aubsequent develop 
‘Beats in eptemelogial theory and the improvesents 
(ur notions on thee mats, the belts curent Hong 
‘Srrclagiste at the present day are hardly advanced beyond 
those of Locke." And the razon i mot fa 10 ace Steal 
bf examining’ the situation of Ks mind intense which 
Je the proper empiri? way. of procanding, the newrclagst 
reer co speculate aboot ‘what be suppose to be ging’on 
Eohis bead and tc dedce the truth about knowige ors 
his, and 0 comes (0 cencusons which are not only Bhisiy 
Contradicted by the use ct the empirical method but woud 
ftake all Kaonlaige of heads an tice contents impose 
‘Ths take fo be bat ancer instanceof the" Binding info: 
Goce’ of curech metaphysical sotons in attra siete ad 
Gl the way in which Coe abe barr between Ibe sara 
nd the philoophical sence, rendering any mePprochomen! 
between them imponible, 

‘Aroter very common mistake i to speak of the snuth or 
talmbood of eoceptn. Bat concepts can no mare be trae 
fair than colours ac wea Such predate as tre ad 
ine can oniy be applied to propositions The concep co 
aur “is ot la, bet i Tay Centaurs are kept a the Zoo, 
{hs propio may very wal Be false, Sirslaly! Centaurs 
fre fot tape at the Zoo, iv trae propostion. But Kail 
‘Pearvon says that centaur is a“ seli-negating idea’ and @ 
‘eompeand ot senseimpceations, which art reconcile 
anatomically’, Now fe tbe Sr place ">enseinpreaions 
{by whch i meant sea) aze not anatomical entities, and i 
{ht moond place conepks ara aot coropounded of smn Tht 
latter Belong to the peomary ral tbe forse 9 Ube rman of 
‘enowiedge. That there 27 entlan im mature which can be 
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dais cB 0s ae eas 
‘impossitie, but on om present biological knowledge very highly 
seas ice oer ame ney 
Cilable anatomically’ than the surgical operation depicted 
erect Se cel oie eet 
8 a Recreate ae 
secret ht ey ancarnns  es 
epee teens 
weg cern a ete aby pa ea 
Seer ee 
Big ghee aye at ree 
prep peated 
Pe or ee 
ser yt ee ee 
err hates ants ee aes aks 
See ahs chen tat We 
opiekee hh oe 

Se ee reer 
See oe ira eas 

ti ran bt ot ce er 

Seca toe ieraetce Siew mania 
oer atte botrerrors 
Rene eee Miata oe 
We ey eee See 
devoid of importance. Thus Professor Whitehead, han 
els orate tere are 
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‘We cow have to tum to the confusion between conceiving 
and imagining to which reference was oade in the last sectio. 
‘We often fad selenite writers oondemoing this or that wbeory 
as “inconceivable when what they trequéntly mean is iit 
aginable. “Mechaniste say that vitalizm vs inconceivable, 
‘ind vitaliste say Unat mechanism is inconceivable. What is 
called the“ transmission of acquised characters’ i declared 
1 be inconceivable, and, it is sometimes added, ' therefore 
iaxpouible". Alt that is meant ig that no ‘mecbenisn” can 
‘ye tmapined which would "account for’ i. I'do hope that 
no sealoes heresy hunter wil draw fcom this the starting 
eovelusion’ that 1. am surreptitiously advocating the 
‘doctrine of transmission of acquited characters, and. that 
‘0 supporter of that doctrine will seize pon these innocent 
eaarks in the belief that they favour is contentions. 
Sach pomibiltes may seem ‘inconceivable ‘ but they have 
happened before usd 10 guard aguinst the twin demans of 
‘misunderstanding and rosrepresentation mo precaution can 
be neglected, Alt {am concerned with at present is te point 
‘out that imagination has really nothing wo do with such 
questions, and that thought, and still ras the possibilities 
cof natate, ase not listed by our imaginations, A remark of 
Willian Jarses is very moch to the yoint bere: “How de 
‘we know which things we cannot imagine ules by first 
ceiving them, meaning them and not other things?” Properly 
speaking inconceivable means unmwaning. To nvscrt that & 
theory is inconceivable jn to asvert that it is mouningless, 
‘To amert that it cansot be imagined may be quite true, bat 
W046 not an aseertion of much importance. TC is deplorable 
{hat such 4 cxafusion thould 40 often be made when has 50 
frequently been pointed out by the older writers Tha 
‘Descartes, in Past TV of the Discourse on Kethod, speaking of 
his investigations of geometrical demanstrations, says that in 
the fist place he observed : 
“tat the grat cartiteda wich by commen contrat eccrded 
‘othe ckoetrane  ioanted sauy epon tia ‘tht tay 
iy cry coucatrad te aserdanor wih te Fae tEave md) 
meet 
1a the second place he perceived that 


“igete wa ating tal ix Deve demoustetions which coold 
siters ma al the Saatopce of thew byork than et SSO, 
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1 ditncly peonnd tha tte 
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‘The following passage Irom the“ occasional thoughts ‘of Boyle 
in worthy of quotation im illustration of the same point : 


hen tay that wpe aporel s 








spell ates Sis “Le icra 
‘isteact Seiniepeaval roth wy 
Sratapereet body aba tepins tbat thus eae fom 


ftom he has Woh hime to Saonetore whenever 
1S conve stthng hugo wate scape ing 








seagieaton 


‘A particularly good illustration of the importance of theve 
remarks of the "lathes of modern chemistry’ in a sphere in 
whieh they: ace specially apposite is furnubed bya well 
lknovn saying of C. Morcir’s in am argument against what i¢ 
called peycho-phynical interaction. He wrote: ' Try to 
fimagine the ides of a beet steak binding the molecules (of 
‘he brain) together. Tt is imporsibie® Bet # is eqoally 
Impousble to ‘imagine ’ any rearark more sttely irelevant, 
‘The first and most obvieas paint in this example is that 
what We can of cannot imagine in such 4 situation is of 10 
signiscanca whatever. We cannot imagine anything bind> 
fing molecules together becange mgleculer are not known 
{in the manner of rallway waggons. They are concepts—what 
events are known as, Neither can we imagine anything 


‘ Retncs Rosie, Opera, London, 172. Vi. S28 
"FAO Rwneet Sylow ond te 270 Leto, 1888p 9. 
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‘nding such events together, although wa may concsive them 
abound together by other events. The “idan of a beef 
steak "is « concept capable of perceptual ¢xemplifcation as a 
jpercepteal object. {also ia what certain events may be 
Knows as, bat what its connexion with the brain or with that 
which is known as the brain may be, assuming it has any, 
‘pobedy knows. The frocar of conceiving a beet steak may 
Ihave some connexion with the event which is known us the 
brain, but what the nature of that connexion may be again 
‘obody Ioows. Bat the mais point is thal nethiag that the 
fancy happens to picture to itself aboot such entities is any 
Guide whstever to what goes on in the brain, a less does it 
Provide sale basis for dogratising about those events 
‘Thi may be w pity but “ts (roe, and itis useless 10 go o7 
‘icking against the pricks of cheer hard facts. Our bett course 
ia ta follow Robert Boyie’s advice—not to be frighted with 
‘every thing which confounds the imagination bot to train up 
‘the mind fo consider notions that merpass it 








In concluding this chapter T wil ry to sumeatne its main 
primes, parity thowe which have Seen flere 43 an 
Miltestative to, Plenomenaiion ~The central contention 
bias been the occemily for revising the notion af "object 
Vhave attempted to dheriminate a sumer of eroprieal 
"realms" in our experience, but only so far as natural science 
incncerned.} ave aged that there ar entities cl some 
‘sort called percipients which indulge in other activities besides 
Zereiving. These kam a realm of thie own. bat I bave aid 
TSthing Sboot this becatee it lvestignion telongs to ye 

ant 10 natal scoce in the tnar dined Inthe 
Tstroisction, Section 6" Then { heve dalinguinhed the 
‘Primary Realm * which is the realm we become aware of in 
the courte of conscious He through sene-perception in 9 fat 
5 it is rerely ven" aad ot iserpreted fo it we We 
Able to driminate spatial voluzes uring periods of toe 
wrth are rdated the semea- qualities, including bodily uch 
fd pains. 1 do not suggest that al tino given in lage 
ict of iolatle perception, bot 1 do suggest that it given 
in the sour of the tranoaction ofthe Bolly events, on Ch Bt 
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‘band, to which we as percpientseappose ourselves to be relates, 
‘withthe other events in the primary realm, on the other 
Te wil be evident pow Cat thi primary realm or part of it, 
‘a what in meant by "tue ao defined in the Totroducbion, 
fond enceoreh the more lasiliar term will be employed. 
rnake tha asacmption that the constituents of this bature 
66 [a tome way organised or systematically correlated with 
ane amp.” Kart ean, ees te want that i 
Chaos, but ia that case the nervous system 
Sly eu toon and that eet iil to undead 
how, i the nervous system San the importance which. Kart 
Pearvon attaches (0 i, any bnowledge of mature will be 
pose. “f take it to be the business of natural science 60 
Investigate the syuematic carelation of the constituents of 
ature 

Finaly I distinguished the real of owledge, tbe principal 
onatitutnts of which appear to be concepts and propositions 
‘Thee alo ae sjtematizally conelsted andthe ineeoogation 
tha correlation as ras thetrlrmal relations are coutetmed 
‘she busines oflogic Iisbere that I would place obj 
because if we sappose them to belong to nature we expose 
‘ourselves to a0 the sceptical agunments of sabjectivigm based 
fon the" condieting testimony” of the senses tegoring the 
“tame” objec! There i= mo reason why a sjalio-iemporal 
segion of nature should not have cilferent sensa rested to It 
from diferent standpoints or under dierent Grcumstanees. 
[But if wesuppoge chat there are objects amature which have 
these sean, then we ae driven into inextricable conan 
and contradictions. Objects. then, belong to the reel of 
owiedge, and ace what chunks of nature ate ° known a 
And the knowableyes af parece in this way depends upon 
the systematic correlation of he constiturnta of mate in 
Vittoe of which there iy samenent of "repentablenese amd 
the perpetual Aux of events, 0 that many diferent eventa my 
be known as the same object. Profeasar Whitehead places 
percepinal objects as well as sense io nature. T agree that 
tensa belong to nate and Ut they ae dilecest frm events, 
bit To nat call her objects, i order to avd confi with 
peveeproal objecta which do not appear to belong to natu 
Wars ot sure that I sndemtand Profesor Whitehead’ 
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control theory * of perceptual abjects,* and his whole theory 
cof objects dors not stem to be so satisfactory as hie theory of 
events. Nevertheless his contributions seam to be amang 
‘the most arigizal and profound that have ever been given 10 
the science af epistemology, and it is thesefore with all diei- 
<devee that I adhere tothe view that i all eng when we speak 
of abjects, whethes perceptual objects of x relatively low degree 
cof abstraction, oF such objects 25 atoras or eketroms where a 
1igh degree of abstraction is involved, we bave to do with 
entities of chaughe in terms of which aature is known. | Pro- 
fSnasor Whitehead himself does sot teach that abjects are "in 
nature in any simple sense, and be protests againat * simple 
location They ace only erivatively spatial, and sera 
‘stand in ‘complex multiple relations to events,  Petoeptual 
‘objects on the other hand have a simpler relation (0 events, 
and for me this ia expressive of enduring features of the 
‘organization of nature in vistur of which some events are such 
that the relation of certain seasa fo them ix more permanent 
‘han otbers, and they can accordingly be known as the fariliae 
percepiual objects of dauly life, or the moore precise Because 
‘mare abntract purely conceptual objects of physical scence 

‘As regards the mctoal relations of these" empirical realms * 
and thelr relations to aay other realms there may be, I have 
tried to abetain fom saying anything about these because [ 
(ace that to be the business of metaphysis, and {am anxious 
10 differentiate as tar as possible the respective tasks of 
natural science, epistemology and metaphysics, But i will 
‘ow be seen that itis impossible even from tbe standpoint of 
tpistemology to avoid making some axsuptions of this kind, 
have sapumed that percipsents have direct experience of 
sense, that they are capable of apprehending spatio-temporal 
relations in the course of conscious experience and of reaching 
‘concepts by means of which they are said to * know * nature 
But Thave not attempled to‘ explain“ knowing because this 
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does not stem to be part of the business of epistemalagy.* 
‘The fact that you do not know Aew you know something is no 
round foc denying that you do know it. The coguitive 
Telation seems to be a rebtion sui generis and attempts to 
‘compare it with other relations do not seem to have met with 
‘uch success. 

il any reader Binds this chapter tno sketchy, o that obvious 
dificalties have been treated too cxrsorily, T shall entirely 
Igeee with him. But { would remind him that if we delay too 
lang aver epistemology we shall never come to biolagy. Neither 
‘of these sciences can elaim te be complete. The farther jasti- 
tation af what ia hece set dawn will, 1 hope, be found in its 
applications iu Pare LX In the next chapter we shall cam 
Siler some of the ° general iGras which are indispensably 
‘elevant to the analyeic ot everything that happen ' but with 
4 View (0 the special needs of biology. 
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CHAPTER IIT 


‘Tax Cataconrss or SuEstAnce AND CAUSATION AND THEIA 
Use tm Moperx Natoxat Scrrsce: 


‘Whar the word ‘substance “is used by a biologist itis usually 
receded by the article “a and the adjective ° chemical — 
‘be speaks, for example, of sodium chloride as 4 chemical 
substance, and of * protoplasm" as 8" mixture ' of chemical 
substances. And a particalar crystal of sodium chloride he 
‘thinks of as « specimen or example of the substance * sodium 
chloride’. This use of the word substance is quite diferent 
from its use in philosophy. or at least from some of ite uses 
Bat nevertheless we use the catogory of substance i, the 
nation of notions to which philosophers apply the tecm-— 
Jn our scientific asd common-sense thinking, and therefore 
it requites careful consideration, We shall fist examine its 
Philosophical meanings, and theo study its more of less sub- 
terrancan workings in biological thought. The category of 
causation will be found to be chaely related to that of sub- 
stance, and I shall try to show that both caterories are mani- 
festations of one fundamental mode of thought—namly the 
search for permanences in nature. This is trae, of course, 
seoerally of concepts, as was said in the last chapter, but the 
category of substance has often been applied to what was 
regarded as abwolutely permanent 
Tein desirable to lok fist at the definitions of substance 
given hy some of the great thinkers, in order to understand 
its philosophical meanings. Thos Aristotle wrote: 
" Subetanc, sa the toute and peyote Geile sete 


ofthe words that wis eater probate af x eck at 
Sree het be tnt, roe make Nr 


He explains that by being‘ present in a subject “ he does not 
‘mean ‘ preseat a3 parts ere present in @ veo “but * being 
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incapable of existence apart from the said eubject’. Farther 
‘me also says that ’ primary substances are roost property 
‘alled subatances in virtue ofthe fact that they are the enities 
‘which underlie everything else, and that everything else 
either predicated of them or present in them‘. Now in 
‘ontineation of the fst passage quoted Aristotle introduces 
fsiother ence of the term substance | 
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Sony eae” 
“This wilt do forthe present for Aristtk’s we of the term, 

‘Descartes understood by substance “a thing which exists 
in woe A way as to stand in ead of nothing teyand tet in 
rder to its existence" He adds’ And in truth, there can 
be conceived but one substance wbich ia absolately inde 
‘Pendent, and that is God” Bot he exlcaded the term 4 cover 
{ro subordinate substances. in the Taowing way! 
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thing. (2) the matural kind (species or genus) of which the 
individual ‘example—Aristotl’s secondary meaning 
‘of tee term substance ; (3) the permanent in reality which 
is not dependent upon anything ele; (4) that to which the 
dependent entities are lated af atinbutes, qualities ot 
Properties, 

‘When we come 4 the eoupcicst writers all this seems (0 
be changed. The pvehalogical aetumption: upon which they 
founded theit view of kaowledge—particularly their way of 
tealing sensa a8 orginal elementary and isolated—inevitably 
Jad to scepticism regarding the notions of substance and cause 
Locke ridiculed the notion of an entity” not observed by us * 
which is requized to "support “the attributes, Vet be himael 
believed in what be called the“ corpascularian hy pothesis" of 
‘matter as comisting of imperceptible particles with “ powers 
to produce‘ ideas in us" by impulse ; the only way: we can 
conceive bodies to operate in'—and this is nothing but & 
‘particular example of the ise of the categories of substance 
and causation. But regarding our “idea of substance in 
‘general ' Locke wrote: 


ay one wil cxamion Nant concerning Wy eatin 
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Locke is vague about how we come by the notion of matter 
Dat in the fourth book where be discusies knowledge in 
‘general, be distinguishes three kinds of knowledge: intuitive, 
Setoonstrative, and what fe calls" sensitive. Its by means 
of the last that we have assurance of the existence of entities 
‘other than ideas—' with an evidence that pute ut past 
‘doubting *: 

oe {ak any aoe, weaetter be De sot lapels 
eet Of oiler peception hen be Hck 
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Bot Hume took it for granted that ‘tbe difference betwist 
‘these conaiats in the degrees of force and liveliness, with which 
they strike npon the tind, and make their way into or 
‘thought or consciousness. When he comes to examine 

substance be follows his tsoal costom of seeking for the 
"impression" to which an “idea” could be traced, and pot 
being able ta find one, concladed that we bave ‘no iden of 
substance, distinet from that of a collection of particular 
uaities, nor have we any olber meaning when we either talk 
fr reason concerning i”. He adds that the qualitiey are 
“commonly relerted to an unicnown somethivg, in which they 
are suppoted to inhere ; or granting this fiction should not 
(ake place, ate at least supputed to be closely and inseparably 
conneeted by the relations of contiguity and causation’! 

Te ia interesting to conteast these clamical opinions about 
subatance with the follwing passage from 2 modern scientific 
‘writer which has already: been quoted im the Introduction and, 
for convenience, is vepeated here: 








1 energ s the snueriowg cant of at chance in maser, This 
dons boca vay titan ony dehacies bot sofas vee. 
Setyanuber “esa vey ring fac hg eo near 
‘shod entered novi. mater seceacay, 2286 fr at one 
Spa fom thes Catch an ee We Cet plone that ances 
SEER theags excep eo as fart wy sani Sct, ait 
Bevbeme aagel and swear be producing Change. wach ie 
lee ater oar Sewarenccobiex * 

ICany one believes that moder science is not “ metaphysical’ 

JeC him consider caretally the above passage in the light of 

four foregoing discussions. 1 he needs move data be can also 

onsult the, annoal presidential addresses atthe Bitch 

‘Association for the Advancement of Science. ft srems char 

tom the above that in physics (a9 understood by the author 

‘of this passage) the category of substance is exemplified by 

matter and energy. But like the substances of Detartes 

they ate not ebwerved by us Alterations i our sensation- 
complex’ are, it seems, Gist icferpreted as resulting. fom 
changes in matter Hut this is wot deemed suficient aod 
energy has tobe juvoked to froduer the inter changes, Thus 

‘cnerRY seers to be at one renuove more from‘ knowablenest’ 

‘ud vas" metaphysical "and cemote asthe scholastic eadatentia 

which Locke ridiculed and Berkeley and Hume demolished. 
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eld that thought wold be impo witout thm 
Bot, ogreving with Bieoe that they were not to be found in 
‘experinnor, he coacuded that they were n prior in the sense 
{At we we equipped prior to experince with Une wayne 
Ahinking in, to pat i€ crudely, a blank form, ready to be 
employes pon the materials furisbed by sense 


‘We can now leave these historical opinions and tum to study 
the working ofthese categories in scientific and common-eense 
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sought. Tt is inpartant to bear i mind the comeon ene 
Suge Decaae be are wot on our parts i voy fable 
tDitocee tur saesiée casing coy. 
Premanencstnd ange ar Oe perv cnet in out 
exyeconce Toe cangery ot wabtancs giv expen 
{witb enchangog. and tastes wrapeed ep ei Ge 
notion of change ot, bowen wit Chingy at each, Bt 
Wrah what we ay cal" eperabie changes chacges we 
"Sopp apun end ca ckeneenty be heageied  cange, 
fa paciccrtid, ‘The earporyo setae sexed, 
Ja ot of ts meaning ta te Comenrsear tog, te ts 
prototype of te hg isthe wl We ae lem mos 
Kreme ih nicht a Car et end to 0 age 
Me and common ste thou eft m toe abc of he 
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faricie, Simisly changes wrong by paling 
panies bre pike ic vol onsen ome 
itly the solid body. force, and motion have been the three 
Aindsmentl concepts in to history of phyics~ Connected 
‘with this i the notion chat an inanimate thing will not change 
unless something else meies it change. Uf, therefore, we find 
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in wither ng apa which ee ean pace the penalty 
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calls permanence of property. We mest now compare these 
Samper in deal 

(0) Astone or a cystal conforms very wel tothe common 
sence ideal of an eaduring Thing. 1k may remain with Late 
fr no change —pechape for years. But the stone and the 
xyplaldifer in an important respect. The form ofthe sone, 
Cis of am amvorpious material, results ftom the contin: 
{ent circumatanees of ay. is history inthe sca o Fiver bed. 
[But the frm of the crystal appears fo be seeing eset 
toit fathoush ofcourse net indepencat entirely of contingent 
rcamstances) and might he deserted aban intitskc chara 
‘Thus, in a seme which wil come clearer as wr poceed, the 
expt as more ‘individuality oe *hingond "than the 
ove. But the eryta, like the tur" beat the metey of 
4 casual blow with « haramer, when it» MW cease to exist as 
4 Single como sense thing. though sill persists as a 

Re chemical stuf. This brings us "type (3) Being 

‘hia example lacks spatial boundary. and tangbiiy 
{nso dove not caorm to the requizements of comman 
sense thing. Tas alow degree of thinghood, but 1 ie good 
frample ofan enduring or table chemical stu.” Type (a) 
dain, Dut form ferent reason, would not be called «Thing 
‘ti isan exazapie of a subatance "in Aristtle's "secondary 
searing’ of the term (9.273), and a very permanent one 
‘eo, Some plant and animal types appear 40 have ended 
with astonishingly ttle change feom the met remote epochs, 
48 though the whole match of evolutvm had pasted over them 
fd elt thers unheeded. A chemical stuf, eg. copper 
snipe, i alo an example of ex Aristotelian substance ia the 
secondary scree’ which difless fram the srimal type in an 
famportane eespecs, namely inthe nature of the ‘latioe 
between the individuals cootiating it 

‘We turn now to" permanences of feoces ” begining with 
type (#)—the fall of a stone, By calling this permanent si 
Vinean is that however many times we care 10 pickup and 
releage tte stone wil all We souk be Sery Meh ant 
lubed falthoug) if we ace disciples of Hume we voght nol 10 
Ve) Uf the stove did not tll and we should at ence set abent 
looking for something-some other thing—wiich preven it 
feo faling. Thus Uhre seems to be something permanent 
tet nc ioe Lebo ke ood Dineg tote ane Be 
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bout the mtual relations between the stone and the earth 
‘hich is expressed in this peated faling. Its a typical 
‘ane of causal elation betwoen two things, Tt nocd Wo be 
Stsimilated tothe familiar paling type by supposing that the 
‘arth exerted pull upon the stove through an impalpable 
IMedium-—another substance, Thus what is permanent about 
{his example is the mode of bappening—chat i wil fall it 
feiessed, to the rate of fal. Mat thote js also someting 
ontingest too, namely stew tis released, oF what releases i 
‘ice ths depende pam some third rng. 

“Type (5) the Dealing heart, i¢ another example of per- 
imanence ot proctts which presents many importaat dllerences 
‘om the fest. tn the Sst place, its mata proces occuring 
between this al sdacthiog bpoene moe hn 

foreoves this one thing has eely a small degree of thinghood 
{rom the pot of view ol independence, becatae san oat 
arta part-of an otganine posting higher degree of 
‘imghood than stsel Ut is nat a substance fn the 
sense of Aristotle Lecause, “ia rature "at as," capable 
‘of existence apart from the said subjeet ™ te. the whale 
fonganism. tthe second place, it cles from the rst 
‘example in being es contingest Being « rhythmical procs 
‘whew the beat tappen is related by a definite (altbough no 
{nvariable)temporal interval to earer and later beats,» More- 
‘ver, although the rate depeadent upon other events in the 
body, it begins beating before the nerves reach il, and the 
whole heart and even sll fragments will go on beating for 
longer or shorter perivis according to circumstances, after 
they have been removed from the bods. Thus the rhythmical 
‘haracey of this process sce lo bei some way a2 fafinsic 
‘ne aloe it is largely independent of other processes exteroal 
(6 the organ, and ts almoal rrtainly not dependent on external 
rhythmical processes ‘ 

‘Example (6) the disintegrative procese of & radioactive 
‘afl is peculiar ia being serial and sot chythmical It alco 
fers (com type (4) in being to very high degre independent 
‘of contingent circumstances. Iti ot explicable By referenca 
to other serial processes going on elsewhere in direct causal 
elation to iin thas intriasicoess of character resembles 
‘he beating heart, but difers frum the latter not only in not 
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‘being rhythesical bot also in being associnted with a kind of 
chemical sta4, not with an organic part 

"We nee eumie to type (7]—-permaanence of property. When 
1 plece of sine ts disclved im a mineral acid the weight of the 
whole at the end of the process (provided we take care to 
Include the guses that are evolved) is the same as that of the 
‘num of the separate constituents —or such diferences a may 
exit are regarded at due to errors of technique—-in spite of 
the fact that neither sine noe acid are any loages discoverable. 
‘Thus although zine and acid aa such disappear oot property 
remaigs constant and persists What we observe ln this ease 
ina permanence of property. This notion of property requires 
fariber analysis 






Whea a thing €g. crystal, continues to saasifest the 
sume qualitative characteration withoat change we speak 
of 4 as existing in x stace. ifthe crystal ig placed in water 
‘and dissolves we speak of it as exhibiting a property. The 


reeogmiaable type 
paced ins erin definite reatiog with certai eter thing. 
‘manifestation of a property involves, ix many cases, the 
disappearance of the thing as such. Consider, Sor example, 

{he caro the roprtycaledwlubiay in wate. We cunmok 
‘ayy that a cectain crystal‘ han" the property of disolving in 
er by mere perceptual looking of foaching, not can we tay 
30 on the grounds that we bave tried it and fount it to be 9, 
‘Decause a cryatal ceases to exist when itis dissolved in water, 
‘We can say it possesses this property emly if we know that it 
belongs 10 a particular kind of stuff which is kauwn to be 
characterised in this way. We thea argue deductively that 
is paruealar crystal will also dissolve in water.” Thus 
although predicating a quality of » thing involves reference 
‘to a pereiplent, this does not appear to be the case with 
prodicating propertion. The exhibition of a quality does cat 
involve change ix the thing, whereas the exhibition of a pro- 
erty doe invoive change, and a property can oly be di 
covered Hf change tales place. Thos when, cedinarily, we 
esate» cviain ropes cf thing ti invaves (0) at 
‘known (o belong to a cartain cass of things, and {2) that 
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‘wes in certain relations with certala other things it, ot the 
ther things, will manifest: a secognizabie type of hinge. 
‘Ths & thing i sot only a group of eesse-qualltics ocganized 
na recngnizabie way. bat i alo thought of ax the seat of 
certain *pormaseat pouiaiton” of types of change. And 
‘here are fo fmdamental ways of clasafying things is natural 
tclesor one employed in the physical scienons, and one 
tmployed In biology The murthad adopted in the Sts case 
ins ers of kinds of sta wich are rexogoiand by rarana of 
[eopertin of the Rind called chemical. oe, water abd sean 
Manifest very diferent qualities and propestir, but they ace 
tot regarded as belonging 1o diferent kizds of stu, and the 
change from one to aacther Is not regarded as « chemical 
change. But if the steam ls passed over red-hot too flings 
ha lant nh ne ster ig ol he ae 

sth, uod what is left bebied is no longer regarded ax 
longing to the end caled ion. Changes ofthe kind are 

‘chemical becuse they are imerpreted by means ofthe 
rwotion of compoutios, Le. ka ters of imperceptible entities 
‘which undergo changes of arrangement. The same ix true of 
the change frome water to sieam. but io this cae only parties 
of the water itself are regarded as involved, wheceas in the 
second case nat only are particles of Ube ron involved tat 
further splitting up of the water-particies % required in the 
explanation. And this 1s accordingly regarded as a change 
‘of a much more profound type. 








Tn all the seven examples of “permanences in nature, 
examined in Section 2 there is one common leature: each 
‘exhibite some featare which ia peristent, pervasive oF regular 
‘—touve feature which ‘ tmras xp again' and ean therefore be 
ecogzised and 20 offers a foot-bold for knowledge. We also 
‘notice that in each case there i something cuotingeat too— 
connected chiefly with the dependence of one thing span 
‘another. Since properties abways appear (0 natatal ecinct) 
{env groin we may sy tat ot types al une tro 
(1) permanences of Things, and (2) permanences of 
Prete, Det sisi wot satay bpm sma of he 
(permanence of procs wert proceues characterising single 
hinge leg. thebecting bear) "Moneover oume ofthe things” 
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not poame the maths of coraman-sense  thinghood ‘, and 
tne of the procesesaleays involved two or more things and 
cannot be observed in single things. We roguire a farther 
Apalysis of the notions of things and thinghood and of ‘ypes 
‘of permanence of process. We shall then be better prepared 
ta examine causatioo. 
‘To this end we must recall the resalts cf the epistemological 
iscusions of The precedicg chapter. We saw That 1 per 
‘eptaal situation involves: (1) awareness that‘ somethiog ts 
tolng on” with w spacelike separation from our bodies (2) 
Swarenews of seman related to the sometbing going on | (3) 
‘nowing this somethings, ot én ers of 4) something ese 
mually a solid perceptual object, which iaanalysable in thought 
nto the wenst under (2) i we neglect the spatiotemporal 
sclaions involved. But we ave now seen that in knewing 
‘oroething as, say a crystal of copper salphate, I am not only 
lenowing it 43.4 cettain bloe crystalline form, but also as 
‘soluble in water”, Bat this is not a character of the per= 
‘cptual object, but a character of the something witich is 
Iknowa perocptaaily as the pereeptual object. Common nse 
‘thought, Komever, regards the property asa predicate of the 
‘object, and ta nateral science we tend to Wentily the per 
imanences of proccss we discover with things, either perceived 
‘oF hypothetkally pestalated for the purpose. e.g. Mendelian 
(enes re conceived as material particles Even eoergy and 
Fes various ‘forma * are apt to be conceived as stufl—as whet 
people speak of it as pasing from one thing to another, oF as 
being “stored wp "in the carbobydrate molecule, ready’ to be 
"released "in the metabolic processes of the ongasism 
‘We have already used the Whitcheadian term ‘event ' for 
the“ something going on. Then a perceptval object—what 
fn event is Koown as—maarks the recognition of a character 
Of an event, And we alse see now that a" property "is also « 
character of an event, or of a complex of events, aubcugh 
sve usually think of it a a property of the object in ters of 
rich we know the event. Am eveat which can be krovn as 
(© cosmnon-seuse thing is one which hes 4 certain degree of 
stability and permanence of qualitative charactercation. 
‘Thus our stone i an event sie itis temporally exiended, but 
any section of Sts timedimension during a long period wil 
‘manifest much the same characterization #8 any’ other, Le. 
the atone can atill be secogniond or known at » slong Thus 
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‘one type of peristenoe—persistence of one thing in a state— 
is persistence of a mode of characterization of an event. 
‘Thus events are substances, in ane sense of the term“ sab- 
stance "as that to which other entilies, eg. senea, are celated 
‘as attributes or“ adjectives, Dat aot ia the simple twontermed 
relation of substance and attribote as im Aristotle’ logic. 
On the other hand, a perceptual object or a property is ex- 
Dressive of a more ot less enduring character attaching to an 
‘event in itself, and it is this fact which is taken into con- 
‘lderation ithe *contzol theory" of perceptual objects as wat 
imentioaed in the last chapter (p. 168). At thie point it will 
bbe well to lok at some of Professor Whitehead's sayings about 
event. 





What xo 





space tion _on enter, 196 gualton 
Spices are back farther abracis co the ee 


tn his earlier book The Principles of Natwral Keostadge— 
Professor Whitehead uses the word event in a moce abstract 
serve to indicate * slabs "of space-time. He speaks of natural 
lements and their relations Homogeneous relations até 
‘elatians relating elements of the same (pe. ' Extension” 
is a (andamental homogeneous relation and events ate the 
relata Ghertby related and trom which epace and time are 
Metractions 

[Now this is a complete inversion of tho usual way of regard 
jog nature. On the traditiona} view space and time are ti 
unconnected kinds of relations between material objects. 
But modern physics assimilates space and time and. on the 
view of Professor Whitehead here advocated, material objects 
are characters of space-time. 
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tuo parmansat objects Al wilh te pooner 
Uisy ‘aed specn, tho itcelty i tert to tome ale attechet 
fortgace ‘Wortbarmose, 1 tok) that thee farmanent Soe 


We mutt retom now, alter this dinetsion, to the further 
<onideeatlon of types ot: things’. We have » msl cen 
cl cothn exhibiting various dogrers ot thinghood "= x ash 
‘fighting. an atmonphei gas Sach as Argon, pol of wate, 
‘stone, x exystal the solar syste, ing organi a eating 
brent, a race organo, and 3 moiety of organi, © 
Teen” A farther ‘examination of thee very diferent nis 
voll make dearer the votin of thinghood, snd prepare the 
Stay forthe Boga! concept of crpuniaton, 

‘The flash of lightaing has a very low degrec of thinghood 
a acount of tbe very bret daration ofthe event of wih 
fF Semowable character The atmospheric gat exhiite 
txtirne penmanence of property but ets spatial boundary 
‘nd semibie qualitative chavacterzation. Defniteness of 
Spatial bounary coners oa the amoepoos Sone one chart 
ikrnde of thinghood but this i counterbalanced by ils 
cntingescy of orm Tm thi respect the crystal as nope 
rity, sd this appears to bean aatonal ark of thnghood 
‘The next three examples introduce a ferther complication. 
The sane and she crystal ste permancaces without cha 
or such changes aa they may exhibit are dependent 20 conin- 
{amt relations to other things But in the slat system, the 
eating bear, od the indivsdval liveag organs we bave 
ings of which change ia am istic and not 2 wholly 
Contingent character. Ths i this cae wr 2 only knw a 
vent tea thing, but we also know iter charactetned by # 
Sern bye of chemge of characterisation. There WORMS 
therefore appear to be two modes of charactetation (3) 
Tepresetingdifleenation ofthe Yall parts of a event, 
and (2) representing differentiation of the temporal* 
of an event, For exaype,succeuive terporal ices of the 
iatory ofthe crystal (amuming of ezune thet reltons to 
cher things do tot change, eg. i 8 not pt Snta wate) al 
‘ahibit the same spatial characerasion and quabtative 
‘Eerentiaton in viton of whi te recognisable av a crystal 
‘ot copper mapbate. Bot the rocoemive temporal aiec of 
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the haart are not the same : only certain ones will be comr- 
‘parable, There wil be «certain minimum period or duration 
‘embracing the whole ' cycle" of changes, and this is repeated 
in successive periods. This, then, i an example of the second 
‘of the above Iwo modes of characterization, Moreover thls, 
Tike the crystalline form, is am intrinsic! character. 

‘Now comsider the individual living organism. This, Uke 
the crystal, exhibis a specific form, but it diflers from the 
crystal and reserables (he heart and the salar system in also 
‘ianifesting the second type of characterization as wel 
‘What we call the lgehistory of the organism is simply the 
‘organism considered its temporal extent, with its varying 
characterization ; just a3 what we call Ws “anatorgy ” a the 
‘organism considered in 1s spatial extension with Its varying 
‘characterisation. But the veganism differs from the solar 
system und the heart im that its temporal diflerentiation is not 
hythmical but seni. We can now summarize by making 
4 table of types of slid things 

“ates Tits eh ar henagriwan args arin temporal 


ThThowe wrth comtogent spain characters 
fn Those wh pia earsctersatce 





i) Raythoveay eg. bast 
12) Sey gohan! anges. 
(ote thet the mode of spatial characterietion of the entities 
under B are to a large extent intrnaic, not contingent.) 


‘We can now pass on to consider those entities which comsnon, 
sense would certainly not recognize as ' things” but which 
fare substanrs in Aristoue's secondary soeaning of that term, 
‘The smashod crystal is 20 longer one thing bat it is sti 
coppersulphete and thos 2 ckewical substance, Similaly 
the race to which an organism belongs is alo a substance 13 
this secondary sense although aot « chemical one, How om 
‘we express the difference between these two examples of 
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34 THE DATA OF NATURAL SCHENCE 
‘secondary substances? Here again our distinction between 
differentiation of spati extension and differentiation of 
temporal extension will help vs. The chemical substance has 
‘no fhdrinsic temporal, dillerentiation, whereas the organic 
“secondary substance "is intrinsically diferentinted in Ut 
temporal extension. Noreover this diffrentietion is of the 
rhythrwical type. An indivigeal organise i a spatio-temporal 
‘part of the race to which it belongs, and exhibits serial change 
‘oost obviously in the developments! processes), and the race 
the ‘secondary saatence "consists of a succession of such 
individuals each of which repests (approxiately) the serial 
‘changes which characterized {le predecessor. Thus the 
individual organism Is the Tnimum temporal part of the 








Tomsk. But in the later case, the heart, the eiythms are 
"epmated in one thing. whereas in the case of the organic race 
{he hythms are repeated in spatially separate (and alse to 
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fundamental problem of theoretical biology i the problem 
‘mhether this serial change is contingent oF intrinsic oF both, 
Te, party intrinsic and party contingent. Moreover being 
‘tial, but not repeated like the individual Lifehistory, he 
Process Is unique, and this fact appears to have importaat 
‘methodological consequences as we sail see later. 








betance is clearly diferent from that between the individual 





members of an arganic race. Every organism is related 
fone of more other organisms by the genetic relation. That 
fs to say i¢ is in spationemporsh continuity (with continuity 
‘of character) with 1. part of ene or more organisms which ie 
a part of ts own temporal extension, ie. its 








$0 tar we hawe chiefy been oocupied with Intrinsic change, 
and the bloga reader has probably been protesting against 
Iny apeating of intrinsic changes fn the panies, 2 ough 
[bad forgotten that organises bad eovirnments, and at 
though their changes were purely intrinsic. Nothing of the 
Jind was of courer, intended, bet we must deal with one thing 
aa time and hope that misenderstandings wil corect them: 
felves ar we proceed. We mast tberefoe turn now to thore 
‘regularities of process which" ctop xp again and can (herelore 
Derrecapeized as regulates  peesstences but which af not 
intrinte to one ting but involve, apparealy. at east two 
things. Our type was the fall of the stone. ‘This is Sealed 
primarily aa x fopsactin between the stave and the earth, 
Tina is typlal exampie of a causal process Tt naed (0 be 
Said that the "attraction " of the earth cewses the fall of the 
fone, unless thee 8 table in the way wich iste cams of 
the atone femaining where ti. Or, to take biological exam 
pile, the application of pin tothe skin ofa decapitated fog 
Is tad to caus, or be the cause of, the contraction of a made, 
tha injection of sdrenalie into the Bow -stream of a eatin 
{aid to cause, of be the cause of, rise in blod pressure. The 
totion of cause seems (o arise when we And that changes of 
‘one thing are regularly related to changes in another, when, 
‘hat is fo say, we find that there is a rautwal dependence 
between them.” We discover such relations ciel By putting 


‘Tale wile eaboratad ka Put IL, se below, p26, 
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things together experimentally and Snding what consttocata 
ave cesta], and ‘what are contingent and can be omited. 
‘Thome constituents whlch, on excesive ocasons, are found 
fg coe ae oamcnly apenas and et 

fe most be carts} to avoid speaking of repeating 25 event 
asthe term nmsed bere. Stitlyapeaking an event cannot be 
repeated because 4 given event iv enigoe and a particular, 
And ean never be aguin. To repeat an event would mean 15 
Dut time back. It is impousbie to repeat the same process 
‘gain under the same conditions, because when Wwe repeat a 
rocesin the ocdinary meaning ofthe phrase time has marched 
tn and the whole universe is liferent in the sense thet new 
fexnporal parts have come into existmee. What appens 
‘wen we are said to“ epent x proces “is that we pat oe 
things in ceraia relations 2nd another eveot happens whic 
ray toa dose degcer of eppraimation exhitit the same made 
‘of characterization i ita serial changes as dd the former cnet, 
‘What peniss end is repeated is the character of complex 
of events, but the events themselves pase irevocably. 

Bot before we attempt to discuss the general nature of 
<ansal regulates, wad. the relation of Oe causal category 
to thar of subotane, its fst necenary to cearine in Tore 
etal some actual examples of such regularities as they 
{appear in bilogial scenes. 

‘The introdactioa of 2 smal quantity of adrenaline into 
the blood steam of «cats followed by arise ef baod- pressure 
Here iv straghttorward case of cause (@ definite chemical 
oropoted) and elect (se of Beod-presuze). What experi- 
tient establisies ip a definite coeltion between the tro 
ction of this stu ints the blood and a sodden increase 
Dlood-prewsre The two events are definitely related jn 
‘temporal sycrsion. But the elect i analysuble and i rne> 
aver, oue which incapable of being caused by over changes 
Ur eng the hgh of Stn feet coneted 

2 f * foereury connect 
tit the carotid artery of he animal. Many Compliated 
events intervene between the injection ofthe adrenaline asd 
the tae of the ealurs of mercury. We therefore ask what 
‘bappens in the general ciscalation between the introduction 
of the adrenaline and the rise of the mercary columo. We 
Sivide ep the orginal tempocal stretch ino a sai of shocter 
‘once each with @ beginning (cause) and end (eect). Moce- 
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cove the exe is ale anlyabe : the isthe pt of the 
Sse, te eel. the a in which Ss ces ee 
Ripeninenshov tht ea tes oentit tbe screnaion 
wl cuanid ifte ees sts tlw, ance wihont 
theater Senet ar tot tlre by the eet in gucton 
Casserly he ttencne ated caine Bat cack 
Ca) Ue tani Rod pear le eect tea clint ngs 
stay cowe it” We may et te renee ele ond We 
of the temporal enalysis is to discover the more immediate 
eee 
As a second example we may take the case of the formation 
fsa tbe kavesel tbe gees flan. Conte dation 
Shotay hal ee heute tnatesectnna abo ate We 
Sind wen prt ost Goalie sean ea oat tle 
owt ts extn ren plant whic per aioe 
the duran,” We coactine on ose ff patil part 
tetera laf td en tl sar pst fms 
Sich omtent We tod hatte sar incense) i tect 
Ie abl me, 
ford tn ake sete anny ofthis proces af 
ster lees Bet wa cetera) tae ren aaa 
eee Wis past und guna Ale eu Sot wate 8 
Stare prepetion: Cave ope a tae arc was fonmad 
in the leat of @ plant. But the plant endures and perhaps 
aseh forint gag co. We anane h wel ey 
‘00, oc we infer inductively that it is probably going on and 
Sve proceed to alte he “onions yee wht arc 
Frodkstos depts en ott Saag” We hed the sndins 
Tenis stew gon 
07 De se ich ah tn gt oti 
(Sy ot el site tg ec mtn 


{3 Bip si pene ent end cent whi we can 











‘Toe whole process is, from the common-sense standpoint, 
rather complicated one. No one feature stands out and the 
hole process requires rather elaborate methods and 2 con- 
siderable development of scientific inowledge for its study. 
Consequently we are not mech tempted to call any one featore 
Cause and another effect. We can rauch more eatily think of 
the whole as ane cantinnsus proces: in which we can dige 
riniuate various contributory constituents 
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1 ar Dewees cartels tite 
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Now aM these constituents are complex and analysabie. 
12), (9. (@) and (5) aze things, but (2) does not appear to be 
2 thing, although the sun Js 4 thing. Some of the things 
‘isappear in the peoceas and other things appear, although 
there is no total change in weight... there i chemical cbange. 
‘Chlorophyll does not seem Uo increase or decrease but is an 
‘contin! constituent. Otber events may be involved but they 
fre fot attended to of not discriminated. 

‘Thos a causal analysis of this process consis in finding the 
simnlianeously present conditions which are essential It 
is 9 spatial rather than 1 temporal analvsis, Bat it it not 
supposed. that the slarch “instantaneously " appears: there 
‘is every reason (0 suppote thar intermediate compounds are 
feemed, A further study of the process cnnsiets in & mote 
Aetailed analysis of the various constituents and an attempt 
‘to assign to them their particular rides in the process, Ths 
{tn found that sunlight Is not essential as such, and that some 
sorts of light are mere favourable for stasch formation than 
others. What sort of an existent ia ight ?- We relate it 0 4 
thing which is called ity source but in the present cave light 
of a certain sort suifices iceepective of the kind of thine which 
nis tontce, Bot it ie not a substance in the chemiat’s seme 
because it cannot be weighed and persistence of weight ib the 
chemists criterion of a substance. If we say that light ib 
sede af vibeation of the ether all we assert is that light has 
1 perlodie character, or is a periodic character of certain 
‘events, and we invent a hypothetical substance fr it to vibrate 
in. But this metely represents « confession of our inability 
to think of vibrations unless they are vilraticns of « stuf 
‘The trath would appear to be that ight is an entity of a kind 
foe which common tense bas no name and no concept, and we 
‘therefore try to assimilate it to other types of existents. 

In all cases of camsation in natural scence we are dealing 
with total events with their two aspects of spatial and tem- 
poral extension. A scientific study takes the form of an 
Gualysis of such an event with an emphasis sometimes (as 
‘with the adrenaline) on its voccemive temporal parts, and 
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those Laws are not upheld do we then turn to the conditions 
to exphin the departare icom them.” We suppose that thee 
malts are anvarying talea the causal nw & not upbel 
4o explain tre deviation we then appeal to postulated devia- 
teesla the conditions.” Tu other words althongh we have not 
analysed the conditions. and perhaps’ know nothing about 
‘hem, we atime, if we fod regularities, hat they are coeatan, 
When a dsoovered epulcity Ss departed from we do not Same 
the excaal law bt suppose tht ie has ben” imerfered with” 
by changes in the conditions. What we have to deal with 
thes is ex event with parts in mutual dependecce Spon one 
nother We cam comsider any part and Uy to. determise 
{teeelations to other part, the ofmer Being called case and 
the ater elect Meamvhile, owcver, there are other events 
‘of equal importance involved in the whole which are essential 
in that whole for the existence of the pars we ae considering, 
‘Again, when we conaider succoaive marked features of An 
event we arrive at the notion of x "cain of causation * but 
{hiss merely to concentrate onthe serial or temporal aspect 
‘of the event and (9 forget the spatial or simatlaneocs aspect, 
‘The oliet that cause precnes eilect Is founded on the act 
tat we only discover transeuna cave repulaiiea by mang 
tn alteration in ove thing and observing what change then 
‘appears in another. Where motion or Iratismiasions involved 
‘here wel always be a tempor iaterval But cealy succes: 
Sion is no more expecially charecterinuc of cawation than of 
ppernstence without change, since both invulee temporal 











pasar. 

[wish now to being this discustion of causation ito relation 
with the previons discussion of the catogery of substance, 
T have already urged (p. 183) that these are two modes of 
characterization of events in victue of which knowledge is 

ibe : (1) repoesenting recognisable series of diflerent 

‘om of the spatial parts of an event ; (a) represeating recogni 
able modes of differentiation ofthe temporal parts of an event 
The notion of the individnal thing expresses, a5 We saw, per- 
sistence of spatial characterization with or without trmpora) 
homogeneity. In the abvence of tenporal homogeneity we can 
‘Bove the les discern in the history of the enduring thing a pet- 
smanenct of characterization in its mode of change—elther 
hythoscal or serial, alzhough the serial type requites, fas ty 
recognition, reference to other things characterized by it, since 
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‘unlike the chythmical it ia not repeated in, ot does not char- 
acterize the same individsal thing, but only a clas of things. 
For eximple, the serial process ef development ezinot be 
studied in one organise but nrcessitates the stady of other 
Feat =peries 

seems ear that when we discover a causal regularity 
of the type we have just been disewising fe, one involving the 
‘mutual Felations between 2 mumter of things) we ate KNOwiOg. 
‘igferent corspleses of events as being characterized by the 
‘came dype of secial change. {n other words as exhibiting the 
‘cond miede of characterization. But in this eaue the cone 
stituent event, aot being mutually elated £0 a8 to be kngw- 
able as parts of one thing, Le. not having ‘substantial unity", 
‘the manifestation of this mode of characteriza 
‘upon their coming into the appropriate spat 
elation, but ooce this telation Js eatabfished on a. given 
‘occasion, hen the total event exhibits this mode of character- 
leation {ifthe causal law hokés). We then call such a reeag 
nigable character @ cavsal law or regularity, and we are apt 
(o attach it to the ingredient ' things "at a" property For 
‘example, we discover the "secondary (chemical) tubslance 
Called copper sulphate. We place a crystal in a vewel of 
water, the history of the crystal and water in their mutual 
relations ia" known as" dissleing of erystal in water Sach 
4 characteris always found (o characterize « duration con 
lining an event which is keowable at ’ copperulphate 
‘erystalin watet', The solution of the exystal im water 4s one 
total event lnvolving the water as much as the crystal, bat 
wwe now speak of “solubility in water as a property of the 
crystal and of the latter xs" possessing this property, end of 
the water “causing' it to diswive. We can, therelore, 
diatinguish two divisions ofthe second made of characterization 
‘of eventa: (1) teraporal diflrentiation of an event which {6 
‘ako keiown as one thing, and (2) temporal differentiation of 
‘an event which cam be discriminated into part-events which 
ate not related 40 as to be knowable as" parts of one thing 
‘This corresponds to the distinction between immexent and 
tranwemat commtion 

‘We can now bring what bas been stid about the categories 
‘of substance and causation together in the following *7 
‘both categories give experasion to the discovery of perman- 
gieea ig) natare—permanences of charsctenimation mid 
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using events. An event or complex of events may be 
brown as ithe: (2) an object ox unchanging thing, or (2) the 
"aituation” (in Prolexor Writehead's technical sense of the 
term of cama law, ie. as exemplifying a causal regularity, 
‘And this is the case’ where there is change in the tode of 
characterization, either (a) in one thing, of (6) involving two 
‘or more things. This can be expresucd in tabular form at 
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cnting toon thing Qeamanya! caus lat 
alte eno ag Te ar ie 
“The last itn is ned aca ite obviously cequied to make 
(he lst complete althourh it has not been specbealy die 
tsteed. Als isto be noted hat canal awe alo aolve 
rents which do not have perceptual objects rated to them, 
is wan te cae withthe events intervening between the ste 
ff lige andthe green leat in our socend trample ol = coal 
regelariy in bilogy. Sach events ave m9" Uninghood "end 
have not been dealt with in the above caceson According 
qotnodern parsisall ws know about ach entire that they 
obey Marvel's equations 

“Sur deus of aubsance has chiefly been concerned 
wth thre of the ideas expressed in the clasical uss of 
the category which were mentioned in the begining of 
thie chapter, namely (2) the individual thing, a) the clase of 
things. () that which ts Gelatively) permanent, But there 
Sere tei eed i ary of he detains 

namely of indspendoce, From the stardioict of 

taturt science tis hardly pomible to speak of anything sh 
bookie independent in the way contemplated by some of 
‘the older rationalistic philosophers. But we shall see later 
{at the cotion ol relative independence it of Interest and 
impoctaner for the bilogial point of view. It hardly 
‘cess pombe to speak of tndepenent events Beez every 
vent is related to every other event by the relation of “exten 
oa‘. “It is alo discal to say anything sbost the estan! 

ee Tae Gompf Hane, p66 
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dependence of events and sensa because we cannot apprehend 
events apart from sense. and we cannot apprehend senaa 
apart from events, “For our own bodies are iovalved in the 
apprehension of versa. and our own bodies are events, More- 
‘over, on account of the continsity of events every event is 
“involved "in a given perceptual situation, We shall return 
to this question of independence as 2 mark of *thinghood "in 
Section 8. 

"The above discamion of eactation, a8 far 8 it goes, occurred. 
to me as the result of reflecting on certuin biological 
(which will be discussed in Part {1} in connexion wil 
fewor Waitchead’s doctrine of events. This doctrine appears 
to me to offer ux (apart from its other merits) a means of 
dealing with biological problems which seem to be relractory 
to treatment in terme of the old theory of "inert matte 
Bot what 1 have here written about causation seems to ar 
‘monize with the doctrine of events, and, on going through 
Professor Whitehead’s books, it ecems to be in agreement 
‘with his references to causation It is much to be desired 
that biologists should give some attemion to the theory of 
cautation 








tm this section { shall try to ay a htle mae about the 
application of causal analysis inthe organic sphere. ta the 
inorganic world regulates of sequence of the teamseuat 
coum type are very often far from evident and have Yo be 
Sought. Caualy they ean only be darovered by exper 
tuo, The sare is true regarding causal relations between 
‘he oxganism as « whole and the environmental event, and 
also between one part ofan organiam and ancther, Bot in 
an orgasisn dere afe alo, a we have seca, rogularitics of 

‘of varius types of « suiciently obvious nature to 
be easly recognised. in such cases {tin not a question of 
diucovering eauua) relations Bot of analysing the observed 
regularities. Thee is, for example, the serial change which 
Ghvactmiaes the developmental petiod of an organism's 
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history. Here we have to ask. not whether itis case of rogue 
Jnrty” bat how dows this regularly come aboot ? on whet 
does it depend’? Siniarly. there f no question of whethet 
Ue raythaical beating of he heart ia regularity of sequsncs 
the problem i, how is dependent om other events within 
‘and ‘without the organism?" We xnow in this case that the 
‘hythimieal characte mol causally slated to other ry Thesical 
‘events in the orguaism because it continues even when the 
‘xgae is completely removed from the body, and or that 
‘eumoo T called this Poythmical charger a0 intrinsic oe. 
[At the sume tine we Know it 9 cavsally Telated to other 
fvects both within and without in so far Ae the nae of beat 
{a concerned? Thos in this case we seem to be justied 
In saying that the hytinmical character of the change 1s 
Aerator,” Te same aon fo be noha 
is called the ' respiratory caatre” as wel of el 
Bank It say be tr Gin pst at lea) worthy 
And veil types of change is the orgasm. Their ?hytimkal 
or serial characteris not dzetly Gependent pon 2h thmical 
(Of serial proceues in anything exteroal (o themselves, and 
ino lar ab that the case they maybe described as immarent 
proteus” BuL this ot intended 10 iply that they are 
{elmo way causally elated to other events, fr the rate of many 
proceed ofthis kind hay’ be causally dependomt on envrch- 
‘mental conditions, eg temperacare 

‘Kaw our notions of causation aft founded upon trasteunt 
causal procewes between ove thing and ancther—espeealy 
‘on out own puting and pulling. Conseguratly the above 
egulasiies ia organtars appear to us as extremely strange, 
200 physiologists have deveted msc attention to attempts 
At interpreting them in wecordance with ordinary cal 
nations, But the possibility suggeats itself that we may be 
mised in thus attempting 40 extend notions fosnded on one 
‘ype of requanty of sequence to ther types Speaking 
severdly. itis found What rast ofthe events going 03 ia he 
‘Seams are mach less dicey related to, oe perce upon, 
environmental events than isthe case with inorgani things, 

2 a he pte of th act cnpeneat the rt a ht 
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eg: crys. Moreover, thie is trae of “higher” organisins 
lea greater extent thas of ‘lower’. And another point in 
connexian with the applicatian of causa) analysis to organisms 
‘Which may be mentioned in passing e the fact that when once 
‘an ceganiae has entered into a given causal regularity it iain 
some sense no longer‘ the same’ because it exhibits diferent 
‘om a sabsequent occasion * Tt is not suggested th 
this iv a peculiarity of organiams, but it certainly males tl 
cation of canta) analpis more dificult, 














We uve seen that among the characters which a thing 
must posses If is 0 be regarded as poses a high degree 
of thingtiood ° are {1} length of duration, and {2} intrinsicness: 
of characee, Bat the nots of traneeant cazsation directs 
1s tongue into the mutual Gependenor af ings, and wend 
that endurance is an aspect of mutual Gependence, Some 
{Rings are och wore dependent fr their existence on otter 
stile than offers see” An event wiucy exhibits onatangy 
Of charateleation amid varying. conditions #8 known 38 
‘hing having a Inger eames cf inghood than one witch 
in ies independent of soch variations Hence the natare 
ffs rama cata relations wh ether things has to be 
‘omidered in considering the persistence of thing. Thse 
‘though the emgrkal standpoint core not ext W 0 speak 
ft abectute independence (as we Pented ot in Section 6) 
ste nevertheless Sstiguinh diferest dgzes of independence 
hong things and tha wil be the topic ef the preven Secten 

n'a sense here can be no explanation of the pentence 
of thing" For we find that such attempts resolve nthe long 
fun isto aying that a thing pests Because ffs perssent 
‘We are told. for example, that an organism * survives ' because 
Wht. Tweak under what ccumstancee we are 
iil to ty that an organi ist "we ate told when 
ite character: or proper are toch that ft“ amviven" 
But if we eannot “explain” persteoe we caa oamapare the 
modes of persistence of dierent things, ee this of inpart 
Shoe for bilo 

‘Natural scance—paricalrty phylcal sence—bas largely 
been occupied wih the iwenigaion of cad regen 

Se tow. 
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Detween two or ove things. But the type of regulsity o 





this reason that the “habit of thought characteristic of the 
‘hysalsciene Input in Bolny whe ii « gosto of 
aut regularities between one ielated proces and anothc, 
Dat do not seem to ofr so much auistance when WE come 10 
reflect upon the questions of the persistence of the whole 
But the fmaportance of this wandpeint is broaght home to 
1 when sre consider that the whcle ofthe scitace of medicine 
in occupied with the problem of the persistence of wn oganiom, 
Moreover the physical sciences concern themselves. but 
Unde with single things as such." Physics i largely concerned 
with universal types of change. chemistry with universal types 
‘of stuf, bat not with the persistence of single things. But in 
Diology all rhis is charged. Whereas the objects of physical 
stience are very varied in their degree of thinghood-—sorme, 
ike Blocks of granite having certn features of tin a high 
degree, and others, Uke electto-magzetic feids. not having 
it'at aB—in biology the primary object and siarting point 
of study is always 20 individeal thing sharply distinguishable 
‘eom otber things. For this reasoo the antithesis betwee 
organism and environment seems ta be qoite unavoidable 
16s biology and its problems wil be genaiae and (andareata 
foes. And i i interesting to nate in passing hove, now that 
Physics and chemistry are coming more to consider individual 
Thingseg. individual atoms and crystals—the notions of 
prewatence, organisation, organism, etc. are beginning ta 
‘We have already distinguished three modes of persivtence 
of o0e thing 











A. Wuboat iat change 
Beh tterae change 
ig) Riya 


Lt aype A bat typ Bt) God B (re cat tent The 
‘solar system furnished as with an example of type B (a) and 
others are furnished by specalative physice. The radio 
active elements were cited as ilustrating type B fb). When 


SCL the quotation fom rot P.W. Betdgane Dow 08 p33. 
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ee come ta living things we find type B (3) cheractsistle 
Of the ndividua exgusszn bat rhythmical change is chara 
lesstle of the race; with the frther complication that type 
BQ), eral change, a Ga some cases af eat) superimpored 
‘pon it acoatding to the doctrine of eveleton, 

"hen, nom, we ake nt carat the raion of 
other things to one thing fom the standpoint 7 
aatence eft ae, tes ote tegy we ued aang 
the" conditions" of st penistence. Suet condiions fall inte 
the. groupe 








Notuch ma are thesia unset my any 


‘What are called “ natural conditions form a system with 
‘broad unchanging or chythmical features within which there 
are changes of minor extent—the fied stars, the seasons, 
ight ant day. composition of the atmosphere, ete, until 
‘anally we come to the conditions in aroom, orn a small spatial 
[part of that room, where we veach 2 state of affairs which we 
an cuotrol, or which we believe we can control. We proceed 
toinvestgate causal regularities. We find that the endaraace 
of things depends on their relations to atber things. Things 
‘which endure under a great variety of changes in their sor 
Foundings are said to be" wndependent* of those surroundings. 
‘But this expression docs not mean that the thing i out ofall 
relation to Sts surroundings, but only that such relations are 
ot of a kia involving destructive changes init. The thing's 
surroundings ate then said to be ‘ft "for i, and it is said 
tobe’ fitted "ta them. * Peruisting ina sate" without change 
4 equivalent, as we have seen, to exhibiting @ property, 
For example, a certain mineral i insoluble in water, 
find its persistence in sature fs sizaly an exhibition of chi 
property. ft is in celation to an environment, but that 
vironment ia not suck as to lead lo ite dissolution, 
Tae penistence of a thing w thus dependent oo the 
absence {rom its surroundizgs of conditions under which de- 
tractive causal processes would occur. We can discover 
‘by experiment what those destructive conditions would be, 
‘and we know that seme things persist under all the conditions 
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that we ae abi to subject theo to. Ths there are degress 
of “independence. The Disiory of chemistry represents a 
{darch for the most independest things =the elements, the 
less dependent things being regarded as composed of the 
slements. Again some compouite things ae more enduring 
(han other, and are sai tobe chemically “Inte or “able” 
Dut this is not the only Kind of composition. In gecetal we 
find that there a ncnple direct relathon betwers. changes 
fa inorganic things and outside events Absence of duange 
Jn things of this type is 20 expresion of chemical lector, 
OF stabllty. But thia is, of cour, bo explosation of thee 
Pestiniace it amounts to eo more thaa saying tat they 
Denint because their properties are ench that they persis. 
Living organisms are alse ° Lnowable as being composed 
of elements in the chemical wage which are compounded into 
‘compounds of the uastable sort. Bat the organitm ab one 
{Bing is much mece stable tha many of tbe empousds into 
sthich i can be decomposed, alibough not so enduring as the 
cleaeals. Thus we Bave to inquire into the gromds of 
Dilogicl endurance. and compare them with those involved 
fn the persistence of inorganic things. Whan we come tothe 
living things we Eod the sune dependence on serrowndigs 
‘but the situation is com "wars ways which requie 
Analysin Tn the fst place the organism is extcanely hetero 
coco spatially. I always ban very diverse spael parts 
Moreover we know that thos parts thesslves arc alsa divers 
‘ed én therr temporal extension bath contingent #26 nin 
Slaaly. Some, for example, exhibit the cythmical type of 
‘erperal dillereatiation. We know too that the peraatence 
of the individual living thing auay be dependent onthe 
Baise of such changes, eg beating of the Rest.” Ths 
‘dying the nature of organic persatence we ave bo take 
{inte consideration no only diverse events fn the environment 
rp arse tae pay Ga ty deat ts 
nga re y that fot exist "in 
ature indepenenty at the organs of wich thy art 
Par This ts not trun, of course, of chemical eemnentary 
Data, and other reservations are vecestary whes we cote 
‘to details in coneaion with the problema of Part IL, And, 
‘nce organic parts are Onemoelves diverse, qustans involving 
‘the amiual relations of the diferent kinds, and the diferent 
agree of thinghood of certain gots (eg. cols) wil also aries. 
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‘Then there are complications introduced by the fact that 
‘onganie persistence is of the serial type. We find that this 
terial change is of the essence of organic persistence because it 
{it ceases the erganisza ceases to endure. \The very being of x 
‘xgarinm depends on the continuance of serial change of it as 
‘tm individual thing, and ths again depends, as we have noted, 
tn the persistence of rhy:bmical or other changes in its parts, 
‘The question of "organization * when we come 10 discuss it 
will thus resolve its into the mode of spatial snd temporal 
Alifterentiation in the characterization of those events which 
fre" Koown as" ndviduat Living things, Tis evident that 
organic persistence from te point of view of the individual 
isa highly complicated process bet It is oot suggested that 
{his is not alo the case with some inorganic things. 

‘We will now consider racial ‘perustence a ittle, The 
race is constituted by a series of individuals each of which 
ahibity verial change. sorh serial change being, ewential 
(0 etch individual. The starting point of each individual is 
auways a part of another individual. Thus a single individual 
‘throughout its history is a temporal part of a race, and tbe 
Detaistence of the race is thereiore dependent upon the serial 
‘Changes ofits component temporal parts, and a the occurrence 
‘ofthe proceu of sparation, division, or reproduction. Ttis this 
latter process which mates posible the existence of such at 
entity ag a race, A race ry’ be defined as a perssteatextty 
‘onstituted of individual things, each of which things exnibita 
tcrial change of approximately the same (ype, and is soch that 
st has arisen trom a part of another individual, Le, stands in 
enctic elation to” A oumber of svc individunis whase 
tories are all contained in approximately the same duration 
constitute what is called a “generation. But this term can. 
‘io be understond to mean all the individuals constituting 
‘the irruediate derivatives of the union or unions of « gives 
‘air (in the case of sexual sepcoduction)—a deSition which 
‘ould hardly be used except an regard to races in captivity 
tnd under ohzervation. The genetic relation is exywoncical 
(Le, iC i derived (inthe genetic sense fom y, thes 7 6 D0 
derived fra x), drone (te. iy is derived from x and «from, 
4, then x is derived from. x), Dut wot conneclad (becuse if x 
and y are two members of a race i is not true that either x 
4s detved from y o« y is drive feu x, save ueither may be 
derived fom the other), consequently the geostic relation 
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does not generate a series in the strict sense. It would only 
generate a series in an ideally simple race constituted of 
{ndividuale each of which was such that it laid only one 
parthenogenetic egg and perished immediately afterwards t 
"Tae process of division ‘above celerted to through which 
luction is fected i8 not confined to the organises as a 
ole, But extends to some of is smaller parts. And the poo: 
session of parts capable of division ia the Biological sense with= 
‘ut toss of their intrinsic characterication appears to be a 
‘feature pecollar to organiaras. Tn the higher orguniama tis aot 
merely suboervient to reproduction but is alo involved in some 
‘procesteg requisite forthe persistence of the individonl, Moce- 
‘over division implies a process of elaboration of that which is 
ivided, at least tn far as organiams are concerned, and con 
‘ssquentiv this necessity renders the onganiem utterly dependent 
(om its surroundings for its persintence. 

Now we saw that the penistence of a thing without in- 
tinsic change is an expeeston of the absence from its enviraa- 
ect of other things, relation with which wouhd involve 
changes leading (0 fis dectroction. Such a thing persists 
‘because “ dangeross "changes do nol occur in its envicenmnent. 
‘But suppose a thing were mach that changes in its environment 
‘werm related im such a way to changes in it that the latter 
changes resulted not in iS destruction but in its further 
persistence, then carly it would manifest a new type of 
persistence which has not yet been mentioned. It would 
De independent in a new way'—not through absence of change, 
Dat diroagh change, It would be characterised by a new mark 
‘af thinghtood. Sach modes of change in the thing might be 
ntrinseally determioed ic the seese that, for example, there 














SP Gatcponng sc of haga of he tg ABE, 
: sch of chung oe tisg—K BED, 
wr eta es Boca Bw ection 
tsi.’ Bat seppone the thing ete ch that any ex 

‘change cerolted in an" appropriste "change in the thing, then, 
‘put from intrinsic determination of the length of its duration 
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“ese And the oe eon wih ae pen 
of ax progressive * appear to represent a gradoal development 
Sh get gett cyto of ecm eg 
‘When we come to man what is called the * possession of mind" 
Sohn fe 1 Bangeth  e py tye 

eget Wg ith te eahy a 
vision, But the endurance of the organic individual (at Jeast 
in the higher organisms) is intrinsically determined—bence 
the possibility of life insurance. Whether racial endurance is 
tbe ny ceed tgy tne 





Gt, th panage from Descartes quoted above on ps." for while 
rast a sur iwrmese hate tke swale ow very 
‘ctnna, Sune erga, oe ts coatray, weeds parca arangenet 
{or each partwal aiin." 





GHAFIER IV 


Deuaxns, Postutares. ane Susjecrivs Factors 1 
Kwowmancr 


Wr, W. E. Jounsow defines 2 postulate as 





‘Similarly Dr. Broad, speaking of scientific * postulates "which 
are not selF-evident, in contrast tothe laws of logic or“ axioms” 
which are seltevident, writes = 








scapenis iets pneet  cs 
beech tee 
Sa coe ree ara 

Sean ey eet aera 
eee eee 
So rn eenienetee 
fre. oh eee cee 
Papaya 
a yg 











involved in ° principles of systematization ’ of a similar kind. 
‘All such elements as T have collected together in the following 
‘ix groups have certain features in coramon in virtue of which 
they can be discussed together. They are all capable of 
"furnishing a motive for research ‘, are in some sense a priori, 
‘are liable to be used blindly and uncritically, and, as we shall 
vee, are of great importance for the study of the biological 
antitheses. 
1 Dae monic tection 
‘Refund of arbarary breaks 
an fedace ll pataralacieace to pytien 
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Speaking generally we may sy that al ese chments wbich 
{fe or have been tavelved in the spsteraatatcn of witb 
imowledge re parly suggested and sopponte by expenenee 
ftherwise they would ot have perssied in stents But 
they are none the le bspothetical i eature and we bave to 
bear enstanly to mind from our present pant of view that 
the experimental phere fa, which they have grow ap bas 
thiedy been that of tacaaon ene and psa sence 
‘utile these spheres they have no chim which ean be Tad 
down a pio or which wou uty txt cing thew Bly. 
TL we convert ow demands and postulates into universal 
‘priori truths and uot * seller them to be Goubted of ' we shall 
‘be saddling science with a creed and, according to Huxley, 
scien conmite suicide when i adopts a creed Or, a8 Kath 
Franson expetoe i 

aia od Satake Merthyr 
iE a doa oe Te cnt a eae 








‘For the present we are concerned not with remlts but with 
\Gatemae of Scioce 9.38. 
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‘the foundations upen which they are bud. Bt foundations 
ae ab mech io peed of critical rutin from tie to time a 
deaults, and that Soe too reasons = first becatse being founda 
{Geos 20 moch depends upon ther, and secondly, because 
being foundations they ace linble to be buried and forgcten 
H1we employ them ignorantly and dogrcatically we ehall 20 
Jonger be treating science as a sazch for truth but we shall be 
insisting thatthe truth sll coatorm owt wites, ‘The valve 
ofthese elements in the systematization of knowledge Is purely 
Inethadolegical; science hat no concern with employing ther 
fmeuphyrally. Oar orthodox waditioral way of thinking 
logical science is not an expression of » pre-established 
Larmony between thought and things, but x mede of (bought 
‘which bas grown up te adaptation "o a certain sphere of @x- 
Derienes overs certain Uomited scale of magnitudes, How far 
has valor outside these limite can only be determied by 
trying them. The celtbrated remark of Hobbes about words 
vil apply equally to demands and peetuates 
In this chapter [shall got attempt a deta discuion 
af the bere eu Cat wl merely ey atestion fo 
general characters of each in preparation for what i to 
follow jo Part Tt 











Group I. This forms a (nity compact groop. The mosistc. 
deal as waaally taken 1 metaphysical form as a demand 
for a mozism of tg. It's typically represented in the paint 
of view commonly referred t0 as that of the ‘bfiard ball 
tunivere For exazaple, it would be realized if the world 
‘anid be exhaustively epresented as constitoled by & system. 
fof strocturless particles only diflring tom one another 
‘umericaly and existing at pois in « moccnion of instan- 
{abeous moments of time. Such a scheme has of course only 
been nied in sation to certain united and aburact problem 
foc wiratibe purposes. The atomicity of this sation had 
to de compensated for by the doctrine of the ether. But 
today the wsimilaion of space and time and the renting 
‘concept ofthe event bas put quite a diferent complexion on 
the whole sination. Consequently the notin of sal ielt 
requires revision. From the standpoint of given science the 
<goestion of monism caly arses in canpexion with questions 
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abovt the caning of Sts fendamental cancepts. That ix ta 
tay It sa question of what ito be considered as fondaental 
"given sphere of experience Soc the purpon of ystematiing 
Serle 6. inp cae by Gn 
ofthe cave, and not ‘erldeations 

[8 the present moraent no aclence works with amacium of 8, 
‘The desir for moni. n a special foro is ofcourse opera 
Liven the objection to vitals or certain forms of wala i 
Vilogy. In the witli of Dresch an appeal is made to a 
spec hind ol agent whch enly operative ving gn. 
appeal violates vo many scientise demands that 

teichardy Sopeiog tat feud ave we few ppc 
Probably the avtrage bslogt never tcoubies Yo analyse is 
objections. His scentife intations “revolt aginst i He 
“erls in his bones" that something is wrong. and that is 
enough. Cam conscious of salar vague analysed objec: 
tions tt ray. But feelings tmust not be mistaken fot atgie 
raents, and vilalim cannot be tefuied merely by “expreing 
Your feelings althoogh many people seem to suppost thet St 
in, and consequently this antithesis between mechanism and. 
‘iam in rarely in the proper sense of the term discussed 
‘On the other hand the so-caled Frocls of vitaliam ave not 
proofs of vitalum at a. but aisproote of certain Socms of 
{echanism. ‘The best way out of all these dielties fs not 
lo appeal to imperceptible whether entclechies ot matter 
due Co retum constantly (9 concrete experience and ieep an 
‘pen mind with regard to decands and postlates, 11 fs nol 
quettion of whether we should Dave one of two utimate 
immperceptites In natural science, but of whetber we sou 
ave any at al, and i 30 what razon can be given (ot ach 
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‘cussions involving evolution. For example, because "con 
Serna corre. 
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all organisms alive at the present day. All such arguments 
‘as the above from continuity appear to be reversible and it 
ey 
cece 
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‘The demands for persistence and identity are called by 
Professor L. S, Rossel metaphysical demands, and in the hie 
tory of science they have nsoally taken a metaphysical form. 
‘Wherever persistence is discoverable it tends to be intepeeted 
as persistence of stofl. Persistence of mass and the Kind of 
(quantitative persistence represented by the cancept of energy 
have both been interpreted as persistence of stuft in spite of 
change. We see the same terdeacy in theories of ' heredity ‘ 
‘The peisistent mode of characterization of a race of organisms, 
is interpreted as a consequence of the persistence of a kind af 
stuf in their germcells. Explanatory entities io. natural 
{science ths always tend to take the form of endiring things 
‘which are supposed to persist unchanged and account for the 
changes which are actually observed. Change has therefore 
‘been feparded as superficial or WDusory, and this isan instance 
of the curious tendency to regard anything that has been ex> 
lained as‘ unreal "or les real than that in terms of which it 
isexphined. What is observed is appearance and what is not 
obuerved but is assomed or inferred is regarded as realty. 
‘Tain appens in metaphysics as well as in science, of, to Be 
correct, it happens in other systems of metaphysics than those 
commonly associated with natural science. They differ only 
jn the lends of entities which are regarded as persistent bat 
Doth ngree in regarding the cbverved world at illesory.* 
Growp IT. The demand for simplicity in explaration bas 
{ulfived 4 valuable function in directing attention 10 tbe 
easiest tasks which were within the competency of each age. 
‘Thin demand figures in the methodological rilee which 
Descartes laid down for hiswselt in the Discourse on Method. 
It is this demand which is gives so much exphasis in the 
‘writings of Mach and his edcairers, until it seem to overcrowd 
all the others and the whole parsuit of scence is represented 
as simply @ device for the saving of mental labour. * Seek 
simplicity" says Professor Whitehead, ‘and distrast it” But 
those who make the Spartembaloprincip their chiet guide 
‘would “have us omit Professor Whitehead’s czutiout 
additon.* 
‘Some points of interest in connexion with this demand 
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axe brought forward iz the followiog yaamage tomo Mr. 
Bertrand Rosell 
ect te Ee 5 ere Sry st 
Siti et thold very of by rte ancy any 
Salorny. "What shea serpos ut the fet tat the elena 
Ie inunpl enegh frat to beable to aucever i Rt iso 
{Si carueernte of popty wteh Wee be fallacies to 
pseratar, form Sbvnse that srapciy hos Ueeo a pat cute 
[i'w harevery. end can. sree: pve 80 glow for {oe 
Spponice Tat shar vedacoeced ne are ell simp. 
‘The demands for simplicity and economy give expcestion 
to @ eharacterittic which the intelectual activity” shares 
with the esthetic. We experience intense tatisfaction in 
reducing muddle into an orderly and consistent scheme, 
and the maximum achievement with the minizoum of means 
4s part at feast of what i= aimed at by good ‘style in all 
ranches of art as well asin proving mathecnatial Dvgrems, 
aad the aBiies between the intelectual aad the aesthetic 
{Activities by no means exd here. Bot it cannot be asgumed 
that nature will invariably conform to our aesthetic tastes 
any more than to our metapbysial wishes, and unfess science 
is to be a purely arbitrary affac we must be prepared (0 re- 
Naquish our tastes ix favour of the truth if occasion to do #0 
shoold arise 
Growp. ITI. The actual experimental peocedsse of natural 
wince i to a lange extent zalytical, and this fact seems 
{o bave led people to suppose that its made of thought must 
ako be analytical und they are thereore misled inte making 
‘1 sharp and highly artificial boundary between what they call 
" aciente "and philosophy". Appreciating as they do cera 
ol the dificuties of « purely azalytica procedure those who 
Ahold this view seem to Suppose thal it is ao rooted in scientific 
‘thought that the later can not be entratted withthe task of 
interpretation except for purely methodological porpoaes, 
Consequently the real basines of eling us what science meant 
{all to philosophy. But as I bave urged the division between, 
investigation and interpretation. falls within science {tet 
Tis only when a cientibe theary becomes widely generalised 
‘het i Qeoores the concern of philowphy, and antl such & 
gree of generality i reached itis surely the business of those 
‘wo are 1s touch with the data to discover the appropeiate 
1 Selif Matiod in Pile, Overs tn4, 2. 
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cancepts required in any particslar eld. But at the present 
day cack of the rajor divisions of maraal science has become 
so subdivided that there is 9 wide and important gap betwees 
‘the special knowledge of an investigator aa limited Seld in 
‘given branch and the widest generalizations of the science 
aa whole which are of interest to philosophy. This gap 
Should be Aled by intermediate generalizations based upon & 
synthesis of the results of the special sub-division, and this 
‘would requlte more knowledge of the general restlts of all 
the special branches than either a specialist on the one hand, 
‘or a pbilotopher on the other, could be expected ta have, 
Conseqeently it seems falacious to make a sharp separation 
between science aa investigation and phikophy a inter: 
pretation in the way contemplated above 

‘Atomistic notions are the Outcome of @ purely ancytical 
rode of thought. They have been so frit and important 
in many branches of natural science that we seem eatited 
fo peak Bere to of demand, Ihave abady aed atten 
tion to some features of the analysiea) procedare of thought 
fd of the notion of “units” We can * understand "an 
intity by analysing it into parts which are regarded—pro- 
visionally at Jest—as sizaple and with properties which are 
takon (or granted, The Est important eppliatin of, his 
device to biology was in the so-called *cel-theary , This 
‘Theory shows very ceatly some of the characteristic features 
of the ‘life-history of scientific theories. In the frst place, 
‘when ance the central sotion was grasped i developed very 
rapidly, and was very widely generalised. This generalising 
‘rocest was carried vat with greal enthusiaam, with ics accom: 
Danying intokrance of criticam. and was alo accompanied 
‘by a good deal of metaphysical specaation—giving itan added 
2eat—although these speculations were largely irelrvunt to 
(he scentife theory iselt and were by no means a neomstry 
consequence of it. Certain dficulties inherent in the theory 
from the start, which were brashed aside in the Grst Bush of 
‘enthusiasm, have remained behind and slowly worked their 
‘way to tecognition although this proces bas been impeded 
by he glamour stil glowing from the ex7ly dogmatic days ot 
the theory.* Moreoter this theary—like ofber atomistic ores 


2 Bue hore. pp. $37,315 aad 324, 
1 The shoes Gecripticn moult ep abe te the Rita of the doc 
(sige of soturl ees 
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In biology—was hailed a8 providing biologi with “ enits 
‘which were to work the same wonders [a biological science a3 
‘Atoms und molecales had done in chemistry and physics,” The 
‘consequence has been 2 controversy of the kind so typical of 
bialogial scence. Wen dificaities were pointed ot in the 
use of the expression “ aggregate of cells and when cx 
‘rus expe regarding the extension of the cell<oncept in certain 
Aizections un "antithesis" arose between the so-called “ele- 
‘mental’ and ‘organismal’ views of the organism, One side 
lung to Its‘ real" units and denied that the organism was 4 
‘unity, and the other side urged that the organism was more 
than "the sum of its parts” and proceeded to inquire what 
the "more “might be. The result is otten an array of “con 
og get aking ite wii aii 
Ye appear to have a ‘rooted desire for ‘con 
trolling centres" when difScultes of this kind appetr~ founded 
perhaps very lazgely on our preference fot solid things. We 
Sad satistaction in *anits* because they satisfy this craving 
Jor * tangibilty * and when the original unity fom which we 
started seems to vanish like a pricked bubble oo analysis we 
then proceed {if we reject what is considered to be the only 
Alternative, viz. vitalisen) 10 confer on one of the parts * peor 
erties "in virtue of which it is Debewed ¢» supply The missing 
“control” through which the Tost unity isto be restored. fn 
this way we reach the‘ ponti6cal cll” in the brain and similar 
‘otions. The history of atorantic nations in both paychulony 
and biology exhibits many similar features. In both cases the 
‘advantages are confronted with difeculties which are met with 
answers of mach the same type. [a sociology the doctrine 
‘of the ‘general willis, perhaps, a device of a similar type to 
supply a * unifying principle which is believed to be required 
‘by observed tacts and not discoverable in the facts. Now all 
these difficulties and controversies sem to sesult from our 
tenting “units” 100 concretely and refusing to take the 
‘ulations in which they are embedded sufficiently seriously, 
‘This auggestioa most be worked out in more detail when we 
‘come to the biological antitheses in Past 1 
TV. The Demand for Verifcation. The demand that 
theories and explanatory entities should be "verified ’ or 
“vesifmble” has been 2 strong point in natural scence. Tt 
offers a means of deciding between what would otherwise be 
‘mare opisiom. It constitutes & difrentia which distinguishes 
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natura! science asthe exploration ofthe actual from philasophy 
‘which embraces also the pomible 

"But unfortunately verifcation is not quite such a simple 
straightiorward afar as it is sometimes supposed to be, 
fund the word bas more than cae meaning. Ia ane seas it 
may simply mean checking 2 judgment of perception. If 
romzone mays he has secn a sheep with two heads i a circus 
{You can, you are suiciently iterested, pay a vist to the 
how and satisfy yourself that this report i trae, Bit when 
twa speak of vertying « scentife hypothesis we uroally ment 
ometbing much leas simple end strightforward than thit 
{edocs nat mean looking to ae whether the hypothesis fre, 
but looking to see whelber the comeqococes which can be 
‘deduced (fom it are oot contradicted, Le, whether comsequences 
‘Which should be olmcrved if the hypothess is troe aren fact 
observed. It they aze observed thea the bypothesis is com: 
monly suid to be verified, bat this does not mean that itis 
fous, it may not eves ihean that. the probability of the 
Inypothesis ix increased. What ually happens is that the 
hypothesis suggests novel experiments or other observations 
‘and this frequently leads to a discovery, and such discoveries 
‘of course remain ab data whatever may become of the RYPO- 
thesis, This, thea, is ove merit that can be claimed for bypo- 
‘heser bot is ehis the only signiscance that can be attached, 
to the demand for veribilty ? Another point i that this 
demand exclodes any hypothesis about x subject matter which 
‘does sat admit of being teated—any hypothesis which ia coo 
smeeping in lis scape to oer any fovthaid for aa ermpiica) 
fest, This objection applies of couse to demands and 
postulates themsalves but these are admitted for methodo- 
Jogteal reasons prior to particular investigations. An. hypo- 
thesis which cannot be tested to the above extent against 
Perceptual experience, 2. one which does not bave deducthle 
consequences for perceptual experience is thus either a 
methodologic postlate or it is useless for scintiSe par- 
Poses. This appears to be the exential feature of the 
‘demand for veritabilty. Profesor Whitehead calls it the 
“uarow gauge’ by which a scectibe deine ie tested 

aay: 
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ee sgreans bey, may, ert at 
te wes then, that the mand for weilty in pla 
in the very erent bythe entioe invesgatar”even 
Scere, dep” Sty, on crete 
hen tere be coc of typoreers ic 
Feats on Shout iy sunt at os get a 
{Be loving racart of Wile Jase vinteratisg Speak- 
tng af the Soervouret” of the eiscrver "leat Deame 
deceived * James says : 

vo Dita pecteret meeerone cept ats, 

Yeided hat tater bee Zt teste rat ag eee Oe 

Sey Rn aa ea SS 
“This in undoubtedly one ofthe many facta which help 
1b saoesued shy vialoce avueas se ao eenimetiy 
rejected by inboratay Dolo, and the operation of tis 
demand is well illustrated by the attitude of physiologists 











ze several interesting and very important methodo- 

the theory of Heidenhain. 
‘were troe we coald understand wy it could not be cefoted, 
Dut the seal sting in the objection to it lies in the fact that 
Hata no pat com which edvanee may be ade’ Tt 
in too aucceatal, too camplete. Tt comes ix too fale w form, 
‘Coasequently we have az illstration of the demand that an 
‘explanation should not bring the process of investigation to 
‘an cod, which I have already called attention 10 as operative 


Se Eer er ane 


{ie Seretiom of he Dra, 
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logient points in these passages. 
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la the methodology of Galileo Thus a scientife hypothesis 
lnzequire to hits happy medium between being too scessfal, 
‘too allembrucing and thus capable of meeting all observable 
ata, and being remaved from veriBcation allogettier—vwehich 
5m practice arooants to amoch the same ‘But there is 
‘a econd objection in the present instance : the theory appeals 
£5 ie ome’ 1 Se deat real 

sysologists xt Lo borrow a ready-made hypothesis 
pint chemity an to appy it fo the problem in band 

it does not 6t modifications are made which suggest further 
exptrioumts. If these do not verify the hypothesis to aended 
then ‘specific secretion" or some corresponding stop-gap 1s 
resorted to 'to eke out the coblapee ” of the explanation. 
Curiously enough this appears to be what Cushay hist 
does in the present instance, and itis therefore dificalt to see 
Ihaw, at bottom, his procedure diGers (om that of Meidentain 
Thus be says 








“tere wat ec hms 
eRe eee 
E2Ep aaa amy aur 
Pawnee eens 
er 
Re ET 
emanate an ouennet 
fe eae aden 
RS Aiea Se 
Tees cee ers 
BASES See seas 


‘The dificult which is preented to the uaual way of approach 
SSeved etwort upint spree’ 935 atone I 

‘to. work against & presure of 35 atinospheres, It 
la remarkable to find a tweatieth ceotury physiologist ting 
ftuch expresaions ax vital force axd vital activity, and another 
Seatare of laterest ta the above pessage isthe extreme sim- 
Dlicty of the thought, which is ebviowsly of the mechanical 
Imedel" type 30 familia 1 the physics of the last entry, 
land showing as it does bow ‘the notion of “force” 
‘till osed in biology. It seems that the modero theory of 
oral sectotion sates the wonistic demand and that of 
“redvetiity" yo mare thas Heidestain's, And Cosbay 
‘sone! coutlades by saying that the Modern Theary * appre- 

Se wor, pias "Ope pak Mid. 38 
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lating the inadequacy of the known physical forces, supple- 
iments them as far as ia necessary by the “ vilal activity” 
poctalated by Heideahais.” But surly this procedure is no 
Detter than that of the vitals. tis appealing t0 an atbi- 
trary break ia order to eke out the callayse of an explanatioa. 
A physicist who found such a bad ft between fact and hypo 
thesis would eeject the hypothesis rather than continue t0 use 
such a makeshift as tho. The obvicas thing to do would 
appear to be to construct an bypothesis suggested by the data 
‘observed rather than to borrow an ill-Stting hypothesis 
tGom physics in this way. But it never seems to occur to 
a phytiologist to try to make a gencine biological induction, 
Me sceras favariably to take it for granted that physic bas 
some ready-made hypothesis waiting for him to use. What 
does Cushy mean by "all other pessible explanations’? 
On what grounds is it always assumed that the laws of the 
snonganie world as worked oat there will as such and without 
modification, hold in the organic sphere? The reason seems 
‘to be simply that physiologists assume this without realizing 
Uthat i¢is.aa asseatption. Tt also bas the advantage of saving 
‘he labour of thinking. In Part 11 reasont will be brought 
forward for believing that this is an unsatisfactory way of 
proceeding, and if only the bell that vitalistic agstamptions 
itr the only alternative were not so prevalent, physiologists 
night be erore encouraged to stand on their own feet and we 
‘a genuine inductive method.’ 

To return, in conclusion, to veribeation : a scientife 
doctrine begins life aa a hypothesis. If with tbe progress of 
investigation it cemains uncontradicted. and if it Jeads to the 
Aiscovery of fresh Gelds of fact increasing both in range of 
generality and in variety of cases and still remains uncon 
teadicted, then itis usually called a theory. Finally it may 
became so universally adopted that ro one either criticizes 
(or doubts it, and it may then even be referred to as a ‘fact. 
For example, tis not uncomson to find the theory of evatation 
owadays spoken of as ‘the fact of evolution’. But of course 
from a strictly logical point of view = bypothesis does aot 
‘Vecovoe any the les hypothetical by being sucoemtul, it only 
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Yecomes more probable, and the change in name from bypo- 
‘healt to thency and finaly lo fact aly an index of 
Increasing probability. Clearly the term ‘art’ is ood in 
Aclence in « purely relative way since even a bare record of 
direct observation conceals an eoorrsous amount of generally 
‘accepled aasunrption whieh for the purposes ofthe inveatigator 
fs forgotten, simply because be has no cecation to recall It. 
‘And between a fact in this sense and one ia the sense in which 
‘the theory of evolution is sometimes called a fact there i» n0 
‘arp of absolute boandary since all is hypothetical from the 
logical standpoint. Such  pamage is a gradual descent along 
1 curve of decreasing probability. 

V. The Desire for Sus Explanations in natural science 
often take the form of exusal description in terms of stuff 
‘with varions assigned propertiss. "This i on extremely power 
ful eadeney, and one which easly becomes transiered fom 
the notion of stuff in 2 gemuine chemical sense to other entities 
‘which enter biokgieal thought. Attention bas akeady been 
drawn to the way in whic scientiie concepls always tend to be 
interpeeted in thie way. Energy, for exanople, seems almost 
always to be conceived in this way in talogical Literature 3 
is lustrated in the folowing passage: “The boman skin 
excretes energy just as the kidneys excrele matter.” And 
this reealls the celebrated saying attributed to Cabsnis that 
“the brain secretes thought as the liver secretes bile’. Thus 
“energy and "thought "as well as "matter "all tend to be 
conceived aa stuf In the course of the history of science 
‘ether, electricity and heat have all been treated in this way, 
‘Thus we have to deal with a deeply rooted mode of thought 
which deserves attention. The notion doabtlcss bes its 
Drolotype in the comman-sense instances of stu stich at 
watee, ou ete, The favourite example of tbe commanvaenie 
{hing is the solid, but this is extended in two ways. In the 
fist place the discovery of the eeeurrence on diferent occasions 
of the same kind of thing leads to the notion of a general stu 
‘Out of which they are made, and the further generalization of 
this way of thinking leads ¢9 the notion of one or more fanda- 
mental stufls out of which all things aze made. ‘The notion 
‘of making "and" what things are made of’ plays a great part 
in the thought of children. A second direction in which the 


‘Madan (J. B.S) and Hasiay (1): Anima Biloy, Oxford, e907, 
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‘otian ofthe sad atu receives extension is ane which enables 
to embrace fui und gases, and it iin this form that the 
‘notion of staff has been order to cope with *imper- 
‘eptibles’ such as ether, enesgy, beat, “thought, ete. It 
‘will be comvenieat to refer to a explanations which use the 
etn of al “materi oat wiht, of are 
‘mecemary reference (9 the setaphysical 

tem tan by tat ame . 
‘There can be no question aboat the ollty of the notion 
sf stuf, the only question we need to consider is how far we 
‘ought to allow our thought to be tied down by the se ofthe 
notion, aod what isis precise meaning and ultimate anys, 
‘Let us consider as an example a ump of ios. What does it 
‘mean (0 say that this i lump of sul}? Our epistemalogical 
dcussoas in Chapters 12 and IT have already furnished us 
‘with at east « partial answer to this question. Whatever 1 
iknow aboot that lump of iren I koow either (2) by looking. 
toochiag, leeling. srling. heating ox tasting i or {2} by 
‘observing what happens when « similar lump % placed it 
various relations with other things, or (3) by delving the 
seports of other peoples’ experiences, Ail thi resolves itself 
into “knowledge about” the entities which are ° knowabie 
32" fron. What Ise when I look is oot the same as what I 
{ee} whi T touch, but T subscribe to the belief that al those 
seusa are related in 2 systematic way to a spatial voltae 
ddarisg « period of time. Also U sote tbat nove of these ena 
(or the happenings the. changes fc the correlated sensu} which 
Tobserve when the iron is pat into elation with other things 
‘od 20 exhibits its properten can rightly be represcaled ax 
‘standing in w alone two terse relation to tbat is known a8 
the iron, and coasequenty I cannot say that they are simply 
rperi f h e loce hey ca hegel ih be 
‘8 properties of the "other things’. They are chat- 
Acters embedded in the actual concrete occainas of cbeerving. 
soe the jun io an abstracted cecarring featore of such situa 
ams. The hump of iron that 1 7a sti to se a3 a common. 
rove thing being thes ax abstraction cannot be thougtt of 
1 « simple" coal’ copstitoent exiting as puch in the world 
‘of aatere. As « simplifcation of expericoce it haw to wt- 
uartiowsble value, bat its very simplicity constitutes © 
‘ital fl in intarpoetad eatadogically. To cal it a hump of 
‘flor matter is but ta take w farther step in abetraction. 
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have followed the tendencies of modem thought in using 
the term "event for the spatiotemporal elements in the 
situation in which I'am said to be "seeing a hump of iran 
because modern thouglst requires that spatial and temporal 
dlements in the situation should not be separated. And it 
4 just thin demand which akee the sotion af persistent self 
identical stuff #0 unsuitable. Moreover it is\im this sere 
that modern phystcal science can be said to be no longer 
‘materilistic'* This does mot mean that it is becoming 
‘mentalist’ or *spiritualstic" but simply that i¢ no longer 
makes wie of the notion of stu. Neither does it mean that 
Diology will not go on using the notion of stn, but sumply 
{hat i€ wil in doing #0 no longer be basing itell on physics 
Te will have to cease using {t uncriticaly and metaphyseally 
tus an ultimate account of * reality", bat will employ it rather 
with the understanding that it isa provisional methodological 
‘device, and. tua it wil be ‘use it more inteligently 
‘and Jews dogmatically. Accordingly if biological phenomena, 
reseat themselves which cansot be treated adequately by 
means of the notion of stuff the minds of biologists need no 
acer be clued othe posit of chinking ou soo oer 
ternative. 

Ug ica oo on ting wou, covey Te 
4 stuff.” And it will be desirable, in view o 
litte of baogats towers Oe notion of energy. to eal 
‘atlention lo some statements of recent mathematicn-pbyrical 
writers on the question. Thus Mr. Bertrand Rusell writes: 


sing 47 csuctaace permiong throupbowt tue change of tht 























Thus energy is no longer thought of a6 an ‘ indestructible" 
metaphysical stu] or substance but gives exprasion to the 
recognition, aires eetere ‘characterizae 
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toe of events. Similanly the doctrine of the "conservation 
‘af enmcgy” isan empirical generalization and not a" principe" 
‘which can be wed'a prior! to say in advance whal mat or 
‘mt not take pisce, although this is the way la which, In 
‘tecocdance with tradition. iti apt to be employed in bio- 
logical speculation. But, at Dr. Broad express it‘ even in 
perely physical oysters, the Conservation of Energy does wot 
aplain wbat changes wil happen or when they will happen 
Wt merely imposes a very genera! limiting condition on the 
hanes thal are pole 

‘Theae changes in the scientific attitude towards energy 
‘bave often bees pointed out but the persistener ofthe okt way 
of Uhinlang tester to the tenacity tthe motion of sta the 
Baek of suBicient communication between the scnces, und 10 
the ementialy pragmatic atticute of mast inkgits and their 
Felactance to indulge fa anything in the nature of an "nes 
ally obstisate cffort to think carly’. Bat you cannot 
have it both ways ; you cannot clacs to be merely methodo- 
Soqieal in one breath and to be uttering metaphysical verities 
in the next onthe bass ofthe same methodological postulate. 

Group VE. We come now to the last and most dificult 
sroup of demands—thove, namely, which cluster round the 
otion of cansation. Tass group is of great irmpertance in 
ounexion with the antitheses to be docaued in Part 3 
‘We shall find examples there of dificulties ervated by an 
uncritical ave of the notions of cause and eflect.. The chitt 
Aificulty in discaming in a general way the Various notions 
comprised under the present group lies in. their exttenie 
ageness and generality It is exceedingly 4fBcul to know 
what precisely Is meant by such expressions as ‘every effect 
bas a! cause": ‘the effect necewmrly follows the cause"; 
"the come of mature continves ever the same 
repeats itsel'; "the fature will resemble the pas 
I i easy enough to see vaguely what is meant bat the di 
‘enlty isto be precise, What, Sor example, are we to under: 
and by the following 
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low can we test ox make ose of rach a propesition ? 1 T 
stick « pin into ove of my fellow creatures and observe the 
“reaction ‘ and then, after an interval, apply the sams pin 
‘tp the same part of his ekin itis extremely unlikely that 1 
shall observe the tame reaction. If the reaction i# not the 
same the defender of the above propositian will exclaim that 
‘hiss becanse the organiem is not the save, “He wil say that 
‘the first application of the pin bas modified the organi sa 
that it is no logger the same organism und hence does not 
respond in the same way to the tame stimulus, It, oo the 
ther hand, the reaction to the second application of the pin 
fr the same as the frst, then who ever wants to defend the 
‘above propasition can say that the frst prick has not modified 
the organiam, hence the letter is the same orguniam and 
‘conseqaently the reaction is the same. Thus whalew bappens 
the proposition is saved. Consequently it is useless and does 
‘ot realy enter into the argument at all A special dificulty 
arises in connexion with the expression" the same ofgenisma 
An extn chert che Ht an ernst 
pening. It is temporally as well as spatially extended. 
has temporal as well as spatial parts.» Your pet dog to-day 
and your pet dog yesterday are two diffrent temporal parts 
‘of the same dog, just as hie head and his tal are too diferent 
fli paral the same dog. {tein vrtoeo the particular 

id of continuity of the dog yesterday and the dog to-day 
that we call it the "same ', and thie sccm to be the proper 
ense of the term. But it can no more be taken for granted 
‘hat to-day's temporal part is the same as yesterday's than 
i can be taken for granted tbat one spatial part, eg. ths bead, 
is the same as another, eg. the tail. We Know, in fact, that 
they are not the samme. Organitms are temporally as well 
spatially diGereptiated and in this respect der from temps of 
fon, Accordingly even if we are “given the same stimulus 
‘we are never ' given the same organism and such propositions 
wu that quoted above appear (0 be mesningless.. This does 
‘ot mean that wet are eternally conderaned to talk nonsense 
bout organisms but only that tbe avoidance of nonsense 
requires more care than is coramonly euppesed. 

Eo Chapter IIT f maintained that“ remaining unchanged‘ 
or ‘existing in a state” on the one band, and “exhibiting 4 
‘causal law” or * manifesting a property“ on the other band 

* Soe bow, pp. nppand s22- 
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were both to be regarded a3 examples of recognizable per 
smancoces in natore difteriag fom ooe azother in the abamos 
‘of change in the former and its presence in the intter. It is 
‘Be business of natwal science to disaver such permanenoss. 
‘The demands which constitite this sixth group are suppoeed 
to be necessary asvemptions for te prosecution of scientific 
research. Now in 90 (ar as such permanences have been 
iacovered they are not assumption. The goestion of 
‘masumptiont oaly enters when it i asserted that they will 
continge fadefinitely into the fature, or thal they have con- 
tinued indefinitely in the past-—the assumption, in other 
words, that the laws of ature have always been what they 
swe now, and will always continue to be what they’ aft now. 
‘This is the assamption which we ordinarily make in inductive 
inference, and itis this assumption which will arise later in 
‘onnezion with certain biological problems. 

Mt may reasonably be doubted whether any of the vague 
‘2 prioci generalities which are sometimes supposed to be 
Ieceusary assumptions in science do in Tact play any: part in 
is aclua} prooeduce, Mr. Bertrand Ruwell writes: 
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1 does not seem necessary to examine in detail in this place 
any ofthe various ways of stating the demands and postulates 
involving cansatice in general terms Only when we come 
to actual biological problems which seem to presuppose thet 
‘wil it be necemary to tor to such questions again. But 1 
should Uke to state here what 1 sball cal “the causal posti- 

late “in form which does appear (o be important, and wich 
4s certainly osed as» guiding postulate in biological investi- 
{pation aod explanation, in wbich so-caled empirical general 
{tations are wo mach wore important than in physicy, This 
ortalate may be stated ex follows : fa change occurs io a 
‘natural etity this change is traceable at bast theoreticady) 
to either (2) 4 change whics has previowily been occaring 
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4n that entity although aot previouuly observed ot obeccvabie, 
1 (2) to sowe change in other entities related to it, and spon 
‘which the change init is dependent. Tn other words we have 
lo-do with a ease either of immanent or transetnt cauation, 

‘The phrase ‘traceable to hece indicates that it is believed 
that the change in question would not have occurred wee it 
‘not that some other change had previously occurred. Now 
4 given change of this kind is unique and therelore could not 
De investigated. If we are to make use of such a postulate 
the change in question must be such that it is either (1) 
repeated in the same natural entity: or (2) repeated in 
another entity belonging to the tae natural kind all the 
members of which differ only numerically from one other. 
‘The first alternative presupposes that the change observed 
does not persist, bat thal the entity im question may retam 
10 the condition in which it was previously to mazilesting 
this change. IC it were a case of transcunt causation such A 
‘condition woukd be realized in the case of a dent made ina 
perfectly elastic body. Also io the case of imtnanent change 
‘of the thythmical type the original state would recur, but in 
the ease of immanent change of the seral type it would nat. 
How fac ae these requicernents realised in the caso of a ving 
Stasis dating the developmental pri? Clay, both 
are ruled out. For sock an entity appears to exhibit change 
cof the setial immanent type and consequently a given develop- 
‘mental change is not repeatable in the sarce embryo, Again. 
‘0 Iwo organisms belonging (0 the same natural kind are oaly 
ramerically diferent, except (at least theoretically) in the 
case of “identical” twine. Moreover, ere are mnernic 
Phenomena to be remembered, and these, according to the 
lusual interpretation, reqoire that a given stimulus should 
eave a permanent or at Icost for some cansiderable time 
persistent) change ina given organism. It resoains to be seen, 
‘herefore, how the causal postulate is employed in regard to 
(genetical and embryological probiews. This postulate will 
be of importance in Chapter IX when we try to understand 
and state clearly what exacily is involved im the topics there 
to be discussed. 
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abstracting factors which were hinted atin the Intrtction 
ts apt to infloence scieatife theorising and which arw the 
concen, primarily of the prybolgist rather ‘han th ei 
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We wil conser fet these whl Ar conerative in thee 
tendeney—Leeping thought fo ane grove. "Tne recent paper 
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Mat of ws wil have made similar obvervations on curstves 

if ot on “other primates” and the evolutionary biologist 

will have 20 diicalty in connecting the above remarks with 

That of Me. Rawell to the eflce that "Most people would 

seoner die than thinkin fact they da 90". In other words 

fignting, being a more primitive fonction, is more populzly 
resorted to for the overcoming of dificuties tan inking. 

‘Even in purely itellectual—or supposedly pacely inteiectosl 

matters itis much les Isome to st down and ered what 

torocane else bas got to say. than to abut all books, dedine 

‘the help of traditional views, and think out a problem with 

the aid only of one's ows resouree.  Simias,lasineus, then, 

is one factor which muizes for conservatis, Another 

of this persoual cansacvative tendency {a wel y 

‘Wilacs James inthe folowing passage: 
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of ae an old find in dep We fk wither city 
‘capt ta tem ior Sunita Sy wb tc ae a? 

Dr. B, Radl relates how C. F. Wolff, who overthrew the doc- 

trina of preformation, was also onc of the frst ta oboerve cells 

in plants, but instead of regarding them 2s something pew he 

{interpreted them as resulting fom the expansion of faids after 

the manner of the expansion of ges enckaed in dough". To 

these individual conservative factors we have also to ad those 
resulting from society—the so-called "herd instine’s which 
in various subtle ways help (o keep thoaght to its wonted 

‘channels. Ia not the history of scence filed with harrowing 

stories of the struggles of new ideas in the teeth of the oppor 

siionol contesrporary traditional opinion ? Another potent 
obstace (0 change is success The success of the Simple 

‘potions of traditional mechanics is astounding. They have 

satisfied the requirements of physics for there centuries—ne 

wonder they were reyarded as keys to the very innermost 
secrets of mutuze—and to long a8 intelectual tools coptinae to 
ective fresh uses there is na stimulus to teek for new ones, 

‘Thus the four factors mentioned —natural laziness of sinvan 

‘eluctance, fondness of assimilating the new to the old, 

tradition and suceess—have contributed to keep ost thought 

undeveloped. The periods of erally intenve intelectoal 
ferment and tradition-sbattering thinking have been extra- 
ordinarily few within the historical period. The thinking of 

Plato and Aristotle sufficed from Grrek times to the Renais- 

sance,* and the thinking of Galileo and Descartes at the 

Renaimance has furnished natural science with a mock of 

fundamental notions that have needed tittle revision until 

recent times. Thus during most of the intervening times 
thinking has chiefly been process of working cot of the 
thoughts which imued from those two periods of spcceastil 

‘overcoming ofthe limitations fcom which the primate intellect 

aturally suffer 

Let os leave the subjective factors whose tendency is 
cooservative and turn to a bref consideration of thave whose 
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gute is cnesidedoes. dogmatism. intolerance end intl- 
Kkerual ‘myopia generally. Most potest amang thove ia 
“selection "in varies forms. Selection, wrote Jats, {1 the 
‘eel upon wich the abip of knowlege is bull Contiaulog 
the metaphor we sight aid Chat it Bas somtimes been the 
{ck upon which the sip has spit. By selective subjective 
factors 1 meas thous from which it reults that our knowledge 
ig piecemeal and sragmentary, bat which, because ther pes: 
nce js ubiquitous and unnotiond, lead t9 oer mistaking our 
ive individual apments foe the whole, or lor luge or more 
impoctant feagments than they is act are. ‘The sense orgura 
are eekctive Tnteret, depandizg on dcepseated. mratal 

ions, is selective. The bare peychelogial impomi 
Ditty of keeping in mind more than’ a United number of 
‘apects of a topic at once is selective in sts consequences 
‘The more we conser it the more we shall find reason (0 be 
com our geard agains! such seectve acters But their presence 
teed give no ocasion for espa, cepticiam ot anti-intellc- 
uaism. This is cear tom the fact that It i pombe ¢o 
discover and overcome them, and of this fact Einatein oflers 
4 brillant and. exceptionally impeessive example. “Bun 
thin section Iwill cnine mel to pointing out soe fextuses 
of what T have referred to above as "deepened mental 
‘Bspoations'pariealaly where alective ot exotianal cements 
fue involved. Any one wba 1s acquainted with the develop: 
rents of morbid paychology during he present century wil 
Andersiand what 1 Tan. It i plain fom these reseaces 
(hat tua is not such a rational animal as the elder payehor 
Jagists who camtned themacives to tbe copuitive procemes 
tmpposed. It is a familiar exough fact of daily experience 
{hat ore oc es cleasly mated types of" temperament "are 
eeogrisable, “Wiliam” James attempted to interpret. the 
vwelshsown antithess in the history of plonophical thought 
1B terms of two cmtrasted types of temperament which be 
‘led the tender and the tongl-minded. The tendet~inged 
‘mas. jockars (according 10 James) towards raticoalsm, 
Seal, optimiza and religion ; whecets the tough-minded 
tends. towards enpicitam, materalien, pees, and 
inrligion. Ie is perteclly abvious that the cleavage in never so 
‘irae and cca-cut as this, but atthe stra tie ope canoot 
fait ta be impresed with the way in which cersain attics 
‘tqwards philosphcal problems go together ix one man and 
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4 contrasting and often antagonistic set wil be represented in 
‘nather, Tt somos equaly pain bat theve contesting eti- 
Ider axe not determined simply by intllctsel or tgiea 
considerations. Tn constructing 4 ramisticsytez of mett- 
Such considerations alooe can bray determine which 
‘element in ail our variegated experience is to be singled out 
{of mipeme joporzance to whe all ee i to be ssbordin- 
‘ated. It will be subjective temperaroental factors which will 
{efly be responsible for thie re selection and so wil gyn 
{las to the wile ofthe system 
‘Ting hat elaborated Jane's view and extended i to other 
sgheres—bistory, Ltoratare, art, ete, and 40 built up an 
Aibitious theory of two. main peychalagical typeothe 
introvert type exemplised by James's tender minded, wnd the 
‘extravert type exemplified im the tough-minded man. 
Keoughly speaking the extravert isthe tan whote mental 
‘ie fs cocupled with the "objeclve” world of things—the 
Seactcal the outward-looking tan, the man of ction, 
Innpatieal of theory. Wheceae the introvert tends ta be more 
foncerned with the things ofthe mind anc in general contrasts 
With the exiryvert Tsp aot at all concerned with the ments 
or demerits ofthis theory, not does tis bel reference profess 
to represent it at all adequately. I refer tot simply becanse 
4 seems to me to throw light on oar celebrated sxtitheis 
tetween caechanite and vitals. Tt scemsy plain that this 
AnUithesis in itself im pat at east am expression of the contrast 
Uetween theye two types. Mest ital are such more 
Piloophically minded thas mechanists, end Tocat forms of 
‘italam tend to take toe form ol postulating an active ag 
in the exgania which is conceived on the analogy of the eg 
Mechanints, oo the otber and, usally exemplify the tough: 
minded or cxtravers type. They are has tented Sn hee 
‘tical questiana and move interested in ceseerch Stel. This 
{4 well slustrated by the remark of Loeb aeady quoted that 
"Selene foot the eld of debritins, bat of prediction and 
coat" "Not foe a coment do I with to wugget that the 
Broblem is yo simple as his bie! relerence muggests. Plenty 
‘DT apechanists ae Geary introvert and we trually Sad in 
‘such ease that ‘Bey only Bald fo the mechanistic postion on 
‘Dethodalogical grvande "This will e more carly understood 
ater the dicumions of Part II. Bat neverthlem, in spite of 
‘craplicatioas and mications ip special caves, the eBtOry 
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do appear to mo to contain mech mere than a grain of 
let Nether do [wich to naggest that been thie anti 
Ahi ixyaveseabjectve factors cf such » deepened nate 
1's Ghereiore one which i is imposible to overcome, Ta 
fuite prepared to belive that ita man can be Brought 10 
Underiand that sock sabjective factors are operative 1s 
‘cleat thinking be wil do is uizoat to overcome tern, but 
{tom the nature of hic tsiiog it may be very alffeul to show 
ti this and thoe same subjective actors willbe operative In 
increascg the dificaly. Those who have been trought Up 
in the ways af thinking proper Co natural scence appeal 
find great éilicalty in getting 2 foothold i paychelogia, 
literature, bt al I can do bee to reer them (2 Jang’s wok 
for futher information aboct his theury of prs” 

Te i a poreawiulreexion to Sind how the tre play of the 
Slee i ls seazc for wath sobatrcted and hago rnd 
by 40 many opposing factors, and although we are encouraged 
by the wuccen uf the petuatent cfloct to overeume ther We 
la Et el imate 8 dwn “May ne 

rcive factors were pointed out with great clearacss 

Bacon in the early sports ofthe Novum Organ, partic 
luvy in hove dealing with the Zoe, bat the blogic sclences 
{the present Gay ae fll of iasraons ofthe act that thw 
Sime Gols ail nd wordippers. Aad this seem Inevitable 
inthe absence of any counterpase to speciiom, For Ww 
specialize ls to select, and to select isto aftend Lo one thing 
{hd forget of neglect another, and s0 to rogard it for We 
Toment at least a8 unimportant Bat wlat one man fod 
Ctoumportant ancther fds iangortant, and so we have the 
Stedllons tablished fot att" antidvas’ ad perpetual 
Tisundertanding and needles controversy. It i medlns 
‘omtroversy grounded on ignorance speinging from liniation 
of catiook 4nd neglect of methodological tucamentals which 
{eo deadly and unlit. A ray of hope offers tell a the 
fognestion that sadeals abould be given oppoctuaities of 
‘aathing nad dscumion on tcentise metbedclegy before they 
lange nto specal resents.” ut thete ae stfongcansctvi= 
live tendencies opposed to this zefor 

‘Gusasiane have already arin foc calling atteation 10 
tain mumuadersasdings regarding the proce of abstraction, 
Beraue this s an eocotal and inescapable feature of aif 


> Pgcileicel Type, ag. tase, Leadon, 1525. 
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cognitive activity itis not tobe supposed that ig itaDibe, 
‘alter seed it be concluded thet Betause i oo in" selective! 
Weis neceaaity fallacious, Ita method of abstraction is 
succes in cartain spire 1 take ths Co mean that certain 
funane pervasive featres of thet sphere have heen woceest 
fully discriminated, and propositions about that sphere on 
the’ basis of such a yebeme of abstraction wil have high, 
egret of probaalty witha thaw emits. 5 we fests 
‘wil have to be remembered, Fist, that the acces of such 
A syviem of abstraction need sot exclude all pouibiity of 
exploring others; and secondly there will be no reason to 
suppose tat sich a tcherse canbe applcd a proc toa dierent 
sphere, sll leas that it wil be exhaustive in that sphere, sce 
to scheme of abstraction can be exhaustive, otherwise it 
trould ot be abstract 
tis well to bear in mind that natural science has so far 
conly explored part of realty with great thoroughnest, and that 
part only afte abstraction has bara made fora i Mereover 
{he intellectual weapons thas used were tools orged orginally 
for the very limited porposes and range of everyday Hie. Tt 
teed mot, therefore, surprise ws im the least it what remains 
does not fit inte the prevalimg scheme of thought. Neither 
‘eed it surprise us lo find that a mode of abstraction devised 
Jong ago asa methodological pestlat a the dawn of pbysicel 
ssitaoe should kad to metaphysical consequences of a kind 
{o impress themselves so strongly ox Uhe mind 1 to create 
Aiicalties tor bologial thinking, wich has to. deal with 
Problems not at that Lime contemplated. Gelleo was not 
‘hinkiny about "heredity" evolatia, but about pendulum, 
bal rong down inlined planes and the Uke. In a0 far a3 
the pervasive features af the work which Gallo. discerbed 
‘xtend from such proceses an these to bialgical procenes, 
{einen inten bet appl te Boge paw, 
ues, %o ms. 
But to ue much acheoe atkratly, to expect Ut 1 be 
‘exhaustive, and to discourage all attempts to explate other 
owibiities is to pat metaphysics before science, dogmatic 
Dresuppostons betoce unbiased observation, and an impatient 
ire to erect the superstructure before prudent attention 
to the foundations 
‘Observation—the continual piling up of datait not 
saongh, ta Protesme Whitehead pouuts out, to covet the 
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feta of adhering to one mode ct abstraction, since observation, 
itzelf is selection. "Accordingly itis diffcult to transcend & 
schame of abstraction whost sucons is suffciently wide, Tae 
‘other metbod is by camparing the various schemes of abstrac- 
‘oa which are well founded ia our various types of experience.’ 
‘And tis means that ° reauom should be used 

1 will coaclude this chapter by giving a bare list of fanda- 
ental types of judements upon whick wl our naturt scientific 
‘knowledge ress, and which canoot be inferred from anything 
else 








A. Burress. 
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PART II 


PROBLEMS OF BIOLOGICAL 
KNOWLEDGE 


CHAPTER ¥ 


THE Avrirmasts metwers Veratine ano Mucaanisae 


‘Tux celebrated quarrel between vitalism and mechanism, 
‘which is such w striking feature of the history of 

sclnce fs by na means ech se i ea, 
ssuppascd. The iatues involved and the various = 
represented are by no means simple and clear cot. Conse- 
quently our frst duty is to disentangle Use issues a Tittle 
before we pate on to examine sore representative examples, 
‘There 1s considerable and iraportant divergence of opinion 
among those who are called (even if they do net call themselves) 
‘vitaliste’, and there are oo kess important diflerences of 
opinion axiong thate who belong to the opposite camp and 
sccept the ttle of * mechanist ‘. Conequestir. to say that 
wo-and.so is a meclaanst ig to convey very little information 
‘until his particular brane of mechanism it also stated, ft wil 
bbe helpful, tm what is to come, to point aut at the beginning 
the characteristics of the main cleavages. What may be 
called the * mechanistic view" of the ceganism may base itself 
‘on one of two raaln grounds : (x) [t may be believed that the 
o isin some eenee a machine, of 3 mechaniam * and 
rothing more, This we may call a metaphysical, in the se 
cof ontological, best. {2} On the otber hand we may avoid 
‘making any metaphysical or ontological assertion 

‘organiam, and simply say that, whatever the * 
the arganisen may be, we can only deal with it scientifically by 
(weating it az if it were & machine or &' mechanism". Thus 
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vm have two fandamentally diftrent kinds of mechaniam. 
The fret is dogmatse and metaphysical inthe semae explained 
because Ht peoeaes to say that the organian iv Toachine, 
‘whereas the seood cakes the mare modest claim that science 
[only posible i adheres to mechanistic explanations, but 
A aniting tom aking ey semen abt th inte 
surtapbysical nature of logical atody. 

then, is a mathodological basin j 

‘The primary cleavages wong the vitatitc doctrines are 
tot quite of the mame natece. Bot there iene group to whic 
the tite vcaiom is applicable in the stice seme: these all 
+ ayert that in addition to the orgacium a studied by theic 
rivals therein another eotity of a totally dierent nature the 
‘uiteace of which i revealed by the peculiarities of orranimma. 
‘This has been the characteristic ofall the historical wtaliams 
and might be called dogmatic ot eetaphysial vitals since 
fe mates & pmitive ontological ascrtion about the oature of 
capasians. "Thr ronaining writers cx this topic agree wtih 
te vitahans acne sre in opyeing the mechanists of bath 
‘Seowninations, et Gils fora the vitalits in their positive 
‘emertions. What these positive asertians ae is wot easy 1 
tay in « few wocds. ft wi be better at this sage aimply 10 
call this group "antimechasiats" and so to aves consing 
‘hem with vitasts as is commonly done. Let st tum &0 
‘th too shit varieties of mechania 

‘Everyone is agreed that foe the beurstc standpoint the 
setchanatic view bas been sucesslal, although no one clans 
‘hat it haa yet reached i goal Dogmatye mechani, who 
believe thae the organises a machine, contend What cls fe 
only because rubciot time hag not yet elapsed. Dogmatic 
‘italsts, on the other band, sigce they bebeve Uae the ogane 
{tzais in no sense wholly a chine, iim thatthe rorchansstic 
(goal can never be reached. Thao bolb partes vectore on 
‘Prophesy and In so daisy each makes w claim which anly the 
‘Evrae can site. ‘Both pasties bave made up thelr nid and 
decided the peablem in ndvance, and Une ia na powmbility 
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‘of mature” his Enal success will seem to him te be a foregone 
‘coactusion. He will wonder how any tessocahie man can 
Possibly fail to share his opinions and wil conclude that is 
‘opponents cannot be reasonable mea. He will accuse them 
‘of being the victios of prejudice and ote mibjective factorn* 
Dever dreaming that he may also be a victim of them himoal 
‘The dogmatic Vitalis, ox the other band, will comtend that 
living things, since they are not yet exphoable ia mechaniatic 
‘wrovt, and since they exhibit peculiarities which are nat 
‘enonuntered in the inorganic world, belong to » diferent order 
Of being. His faith is not shaxen by bis opponent's succes 
because be has Jong and complicated arguroents which (in Ds 
‘pinion) place thove successes in theit proper perspective, 
Hot bis opponent's faith is eqaally washakeen by rock replies 
—chiefly becawe he docs not cead or understand them. 
‘Thus the vitalist concludes that his opponent is a man of rude 
sensibilities and inferio inteUect, and the deadlock is com> 
Plete. The difterences between these twe views rst on difer- 
‘cts of epiniow abost the correct interpretation of what ix 
tgiven tom in experience. If we have already made up our 
‘indy aboot the general form which that interpretation is to 
‘take we have seted the so-called * problem of le" and there 
ts no eet te farther dicuion, “Te poston is a stale 
imate and we can anly wait and see which 

‘We can turn, then, to the methodslogion eidpoiat and 
‘ask the methodological nichaniat what he bas to my 
‘support of his contention that the mechanical explanation 4s 
‘the only ane which ts admissible to scence. This is cleatly 
contention of quite « dificrent Kind from the frst, The 
Alipute now is about explewations not about organisms It 

therefore not a biological problem at all but a logical ont 
the wide serve of the term). Confusion may rest from 
‘the failure to recognize this change. Another source of con 
fuslon les Sa the differences between the investigntor and the 
‘theurser. The former will be content with a scheme which 
brings heuristic woccem, and the mechanistic view appears to 
bhuve the prior claim in this field, Consequently thooe who 
‘profess methodological mechaniem may do 0 sixply fram this, 
‘Mandpolnt. But from the standpoint of theorstical biology 
tha position camot be eft im wach an mnsaticfactory state, 
‘end the problem is much sore dificalt than it seems, The 
Dinlogical methodologist is contronted sith the dificult east 




















Scrat ut ete io estas ta De ely oso 
‘ne for scicotife biokgy. If this is true the consequences 
fre obvious It itis pot tre chen other pasibities wil have 
1o be explored. Further diSicaties are created, a5 we shall 
see bter, by the fact tbat the expression “mechanical explana 
Gon is extremely vague, and this fact sone is responsible 
Sora great deal of confision. 

‘Semetimes it is said that the mechanistic view has ‘kept 
‘us moving in the right direction. (EB. Wikon.)* This 
lamplesthae you know where you atc going to el which isthe 
right way these, A compass wil keep you in the Tight 
direction provided you know which direction you want’ t0 
keep to, but a mariner who set oot only with a compass, and 
‘chart which was "perfect and absolute blank", would have 
‘At voyiige not ane tat described in The Hunting of the Snark 
‘A manchaniaitic point of view mast it woald seer, lead only 
to one exalt. Hf our systeo of demands is such ws to exclude 
sy but mechanistic notions we can only expect a mechanistic 
utcome to thinking. Thus it methodologial mechanism 
roceeds in this way it also may be said to have solved the 
problem in advance of particalas investigalion, in 0 [ar as 
{doses the door to other possibilities, Only foom the 
heuristic point of view can we aay with certainty that raechan 
‘aan bas kept us moving ia the right direction, But cleasly 
this in of no help fcom the theoretical standpoint, because & 
Dbeap of data does not make a scieace 

Tis, of course, open to any branch of bicloy to define 
task os the investigation of the physics and chemistry of the 
‘ongasism. This is very camsonly done in physiology, eves 
although the progracime is not consistently camed out. 
‘Bat we are concerned here aot with a branch but with the 
‘whole, with the question mamely, whether it is pomible to 
sepreseot the mechanical explanation as the only posrible 
‘900 on parely methodological grounds. To do this tis obvi- 
ously necessary to show that the modes of thinking of the 
Ibumaa mod which are availble or scestibe explanation 
are United to thowe exaployed ia the mechanical view. ft 
‘xhacdly surpising to find that this isnot donc by invantigaloea 
‘who bold mettodslogical mechanism, They are too buty 
toatteod to suck matters, and are convinced by thei aceatibe 


"Bee bio, B38 











VITALISM AND MECHANISM ass 
“Jantinets’ or * intuitions" that the netbods which they bave 
found to be hewietcally succesful are suicicat. To shaw 
that methodological mechanism is he oly pombe scent 
postion wonld require fest a thorongh logical investigation 
Of the nature of mechanistic explanations and secondly & 
Semeonstration ether () that no other way of Cunking is 
Double, oF (2) that no other way can possibly be called 
Ielentife. the latter course Is faker we am ea al int 
2 mere logomachy abost the use of the word" wentife 
‘Thase who take this course usually make w aarp distinction 
toetween wtat they call sientige thinking en the one ANd, 
‘nd philesoptical thinking on the other" Ith bere that 
find the tatroverts who ae pol vitalists. They iedily by 
defntion seientihe thinking with the mecharitic view, 
‘and philosophy. as they understand it, appears to be given 
{task of dealing withthe problems ot aspects of tbe gan 
Jam which scape the meshes of mechanivm, hove who 
{vocae this puttion in ste extern form appear to identity 
“lence * with mathematical pliysiceeveryihing which Sis 
‘ame within its scope being excloded. Thus the 
“ovganium is tepasded ws extrnscentiic. So far 30 goa 
But when this view is ten seriously its very difbealt fo see 
what is tobe doe sith the vast balk of what pases under 
‘the name of scence, since it would certaily be repadinted by 
pPhilvophy an fing outside its province. The amor of 
Bilogeal Maowhedge that is amenabie to treatment by 
mathematical physics at pecsent is extremely small. But 
pending such abworplos ita legitseate field for inquiry and 
he people who undertake tach ingtiry are mot pbieaphers. 
‘The only condslent thing 1o do on the above view would be 
to turn out from their chairs al existing profesor of bolo 
Aeienems who do not pursue ther studies in accordance with 
tbe prncptes of systemtication employed in mathematical 
plies, and to ive all students whose aim isto become bio- 
egite a thorough training ia matberatice—omitting all sock 
concepts ax "cell, inhibition’, “evolution 

trom the asentibc vocabulary. 

















largely to « misunderstanding of a cemark of Kast io bis 


sien. 
‘celebrated remaricis frequently misquoted snd sil more offen 
"See above, p08, 
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‘misinterpreted. Thus Professor J. A. Thomson, althoogh be 
‘doen not subecribe to the above view, mays: "Tt war Kant 
‘who said that any branch of knowledge caataina jast so mich 
seionce a8 i coniales raathematics.” 

‘Now what Kant actually wrote wus ss follows: 


“ih babacpte aber, date Ie yedee bancnceren Netarehre nor 
SLT Seta eer en Soa“ 





But unless the reader knows what as gone before this 
pustage, 19 H stands, s extremely meting. Tis inte. 
Peetation depends entirely on the specish meaning which Raat 
‘Ges (o the expresion “ eigentiche Winerochalt" at the 
Beginning of te treatise. tn the Preface he begins by saying 
that every doctrine is called science if itis a system, ies 
bole of knowledge syetemationd cording to. prinipls. 
Next be says that such doctrines (Lehre) can be divided into 
“historitche Natulehre "and" Naturovimeaschalt "The Sat 
‘contains nothing, but systematically arranged facts about 
‘tural thioge—either camifcations according to similarities 
(Naturbeschreibang) or a systematic presentation of chem 
according to their disribotion in time and space (Natur. 
echichte). The second civsion |(Naturwissenchaft) he 
fen divides into“ eigenticn, oder uneigenlich so gennante 
Naturwisonschaft The fist fegentich) deals with itt 
object solely according to a priors prneipes, and the second 
Secoreing to empirical laws. Kant then goes on to sty that 
nly sclence whone certainty is apodeletic can be called 
"elgenliche Winsemschaft. Now at the present day Hk nO 
langer believed that any xatural scence can claim apodeictic 
certainty, and consequently no patural science in" cigentich* 
is Kane’ sense-pThe only science in which we cas speak of 
apodkctic certainty is formal logit in ts present development 
owe as logit or ama oi “ands pec e 

‘allnd pore mathematics, But this is not 
fal lena, ad I wien ey apa of eet scene ve 
smean exact in the sense i which mathematics is exact then 
physics is not an exact science. Exactness in the matber 








‘ Labeteton to Scene, Lenton.» $8 
i iaceqeremnete Sebnfons Stag *. @. K Proum Aca 
wie Ba Ti ae 
Tien kar Belay nave too with pa certainty, in te woe 
a which ewe popantionfoient ean other with peal cae, 
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‘matical smsa means precision of definition and stringeocy of 
Jegical deduction, in other wards exactness of thought. Exact- 
seat in the pysical sense muans exactsesn af suamwencn, 
and this ually means closeness of approximation to an ideal 
mathematical law, which is quite a different thing from 
‘exactness in the mathematical sense. Some departments of 
biology may attain to exactness in the second of these senses 
but itis very far from exact in the fst. Tt is hampered by 
‘the lack of clear ideas because is votaries have not yet learnt 
‘he necessity for such. Bat in the abgence of clea? ideas no 
amount of measurement or mathematics will aval, Ia this 
‘connexion the following passage from Whitehead, whase books 
are full of methodological wisdom, is of special interest : 





Subuitte the word “biological fr * physica)” In the above 
and T think it il apply equally wei o our probes, 
ven some theory exprese in clear concepts and SedNetive 
Jogi wil enable you wo work ot its consequences and you can 
appeal to exparence to see whether they are epbvid, bal your 
‘heory must in the frat instance Be based on the "general 
Characteristics of hogs obeerved' which for biology meant 
living onganias. No natural sciences can Be said fo comain 
‘mathematica, hey only war it ara device to cave meatal 
Iibonr. The veal thinking is done fo geting the date into 
4 shape which wil admit of och Uealient. Consequently 
KKant’s saying i of hte importance for our present problem, 
snd it cant be appealed 10 to justly the retition of the 
term science 10 sathematiea physic Physics ie scientiic 
oe beeane i admits of eathematial teats but Decale 
4 pensares “dear Telvant initial concepts". ‘There is 
oubtes plenty of scope for the we of mathematica in Balog 
Eset Reser, degre Manat 
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if the right way to set shoat it ia discovered, but it does not 
follow that the right concepts for this purpase are those at 
Present noed in physicx 

TL does not seem, then, that 
or roethedological mechanism is quite 30 obvious as it is 
sametimes taken to be. Moreover a doctrine of the organism 
may be mechanistic in ane sense without involving mathe 
matics at all. Consequently we cannot begin to cont 
‘whether itis the only posable made of thinking i science until 
‘we have savelled (esther these various uses of the term 
mechanistic", We shall abo find that the situation is made 
‘tll moce complicated and conlused dy divergence of opinion 
‘about what the precise aim of science is, This was touched 
‘upon im the Introduction. These who believe that the aim 
‘oF science is simply prediction for wtiklarian purpose will 
‘naturally be perfectly satisfied with any scheme which fulfls 
this requirement, and some such scheme as is offered by 
mathematical physice will appear to them to be their chief 
(geal. From this standport science becomes a kind of game 
in which the rules are laid down by mathematical physics 
Everything wbich dors not conform ta the rules is regarded 
either ax simply awaiting lurther analysis, or as being extrar 
entific, and therefore to be handed over %© philosophy, 
‘Which is another gaze with different rules in which people 
amuse themselves with the " unscientific hall’ of existence 
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‘what exactly we siean by this expression. Dr. ¢, D, Broad, 
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See torn Val RIX, poe. 
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‘Thin suspicion is amply {ulbled by a survey of the vations 
expressions of opinicn on the subject by biologists, Every 
‘writer appears to have his own private View about what is 
‘heant, but as be never states it Clearly and coocoely Mt can 
only be aurmised and pleced together from his assertions 
about its applieations to biology. 

‘The best authorities to goto for inforsnation on this question 
‘would appear to be those who employ the mechanical explana: 
tion in the sphere for vehich it was devised, narely mathemati. 
‘al physicists. But this precaution top acems to be neglected 
by biologists. Their physics too often that ofthe elementary 
text-book which is not only very dogmatic but represents the 
state of the science im the Victorian era. But the physics of 
to-day isa very diferent affair from that of the great Victorian 
physicists, and the mactaniral explanation occupies 4 very 
different position fom what one would suppose (rom the text= 
hooks. Nothing wil iDustrate this mote clearly than the 
Sabowing passage from Professor P. W. Brideman's Legie of 
‘Modem Physics {p- 46}—a book which every biologist coald 
read with great advantage: 

em dicate tm conceive aepthing move scentcaly bigoted 

ig sat Sat riche ae Sie tra and ever 

te demand tia explinatinn ea Slr eormeats fain every gay 
fe cat cbiesere ual Goansaey eich might peed Ob 
eerie rw eget onan a of 
af retay be hy mt ve eect 























This peste 14 of great interest in the present connexion 
od eapecially ta view of the fact that iti added by 
Pisce to plicit without any ference 1 biologi 
froblems, "But before we attcmpe co determine ow the 
Techatical explanation stands at the present day 1 sal 
fit examine some opinions of 2 mumber of el) known 
blogata, and try to collect tegethet the various views on 
the saject at present in vogue among ther. It abould ako 
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be repeated at is point that we are pot at all concernad 
‘with the qaastion whether as orgeniam is aris got « machin, 
(whether we have to postulate varioos“agenty‘ ia onder to 
‘explain’ ongaréams. ‘Sach questions de not beng to the 
Jogie of biobgy, wd it seems doubtfal whether rey can, 
striedy speaking, be discussed. ll thar one can do is 10 
‘pecalate aboet thea and iy to represent served (ac a8 
vouring axe side or the other Metaphysics’, wrote 
tbe ine Me. Bradley, "isthe Gnding of bad ventas foe what 
‘wt belive upon jstinct.” Scienee, on te other hand it 
Concerned not sith what geaple belcre, but with what i the 
ve, and in Ge present chapter we buve 10 discus the 
inalhdalpial question whether orguisis are, must oF CAR 
‘e, treatable from the scientise standpoint tachsiody 46 
ADachioes ar mechanlsts, aod if 0 in what sense. We are 
fancerned, that is to say. with the eature of the mechanieal 
‘explazatiag, whether it i stable for biological purposes, end 
it to to what extent. Even iC organisms aft’ in 80 senae 
Inachines it may be that sentie explanation s only pomble 
in the biological sphere on the supposition that they are ip 
some sense machines. LI this cou be shown to be the ease 
2 reat del of unnecessary contoversy would be avoided, 


‘We shall Grst coasider the following expression of opinion 
by Max Verworn eho writes that modern neovitalisic efforts 


“afte ley weg oan repudig Oe oundar 

ea me. ee tel tn St ae 
‘Bhs ppcaapea sad spears gure wih potent 
Fecirastnl aera Ye thy fase thee rt Dy 
Fim atortanate Seagaations of Sitaiem snd Hew vitham ee 





nachna sapisalory poscgne of rial poesia 
Za come eveasteee 
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1 Bacyipatia Brizaniea, 118, 9. AXE. p. $54, at. Phys 
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rept poeple 
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Tara oie tie, oat es oo 
Fe hn pale ge mee 
wh moo twat nwa 
ip repaint cane oan et 
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Bagg ts feces cae Src 
mo oa eed aoe Ee a 
iene An rus 
Phytiology a8 the science of life it to ‘tself to the 
er ee tae 
mairitehens corps) Yorn ret 
‘but if this is the case then physiology on his view cannot be 
‘the ‘ science of life" but only of part, and there are moreover 
other branches of biolegy than physiology which have an 
ote ater ey hn inane ah 
Fr fain reer cipher oT 
acif-evident that only such laws as govern the material world 
Stet ate aoe re 
aS eet eae soe eee, se 
ine ht al im te ee 
sere mah bey ere ate 
errata hema yet Be ot eae 
iat de ee ng teen 
pein fof tee ples ore 
Peng eer onnnetonrd 
oe cme pete atc Pe 
“aero femme We tt 
oe eee Pe tee ae 
ee i eae et 
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fs diicalt to anderstand Verworn's position when we escall 
hal he says in he Aligemeine Physiologie, which we discussed 

in Part E (p. 100}. 
“she la ofthe physical woe ate the ey arcoding (0 welch 
waa 


‘Tenis te daly our'tna. "AU scence, therefore, Se on aan 








find it impossible to understand what this datinguished 
physiologist really does mean fram all these contradictary 
statements 


_ The next example is fom a paper by Professor FH. A. 
Marshall emihed The Cargrics of Bclegical Science? There 
fn a greal deal in this paper with which many prople of both 
sides would agaee. but it doce not early distinguish the 
eget te sels Riemmede Be wor ble 
and consequently the whole probiem appears simpler lo 
‘an tral” Slereover Froesor Merial deen say at 
the outset what exactly he meany by “eateries and this 
initial vagueness is responsible fr infecting the whole dit 
fusion, Sometimes he simply means the ener concepts 
‘of a science, and sometimes We uses the teem "ateyory "i 
the Kantian sense, Profesor Marsal begins by refecng to 
Mowe who answer the question whether te categories of 
biology ace ultimately reducible to those of chemistry ahd 
physics’ in the negative: and to those who affem that 
‘plogy isan autosomous science with the ight 10 ts awe 
‘oncepions and terms which peed no and cannat be replaced 
by those ofthe inorganic sciences. By” cateotics of biology" 
Jere he no doube means simply such general bilegical concepts 
‘orgasim, cll, evolution, ce, and the guetion cleat is 
‘whether sch coocepts are, need be, or ean be reducible 10 oF 
Feplaced by the concepts ef the inarganic sciences. Protewot 
‘Manba next slates that the aim of his paper is to divcuns 
the quetton * whether iis pomible profitably to earry 28 
Dolagical esearch and to ait at ouklag biological general 
stions without perpetual reference to the methods and cate 
fortes of the inorganic adeaees =. Now this is by no means 
the same question as the feat. We might easly answer it 


"Mind, WS, VoL XXL, eye, p88, 





VITALISH AND MECHANTSIC on 
in the aficmative and yet bein donb about the correct answer 
to the fist. Foe example Darwin and Mendel both profitably 
‘carried out biological tescarch withost perpetual reference 
tw the payncalscenors, infact with very few ach reerencet 
at all. "Of course the expression * methace and categorea of 
the inorganic sciences’ is wzobigsoas. If st simply means 
tuing your eyes and fingers and the categories of mubstance 
std causation then the answez will perhaps be in the negative, 
bout if ft means asing the methods of analyas, and the funda 
mental concepts, peeaiar (9 the inorganic sciences then the 
‘answer certainly fn io the affirmative.  Menda's work was 
‘purely biological both in method and concepts, unless counting 
sang meeasaring is to be caled physical in which case St was to 
(hat extent physical. But the theory as he stated i¢ was ix 
Purely biological terms. Whether it will wsmatly be possible 
fo state it in physico-chemical terme ip quite a diffeent 
(question. And yet it may be posite to regard it as in one 
Sense mechanistic, and consequently a cheory may be mechan 
istic without being stated in physico-chemical terms. The 
antithesis here is between biological abd physico-chemical, not 
‘between Biological and mechanistic. But aniortunately 
Profesor Marshal in some parts of bis paper, seems to sugutst 
that “biological” means “telological”. Fram the example 
Given its clea however, thet you can be scientific in biology 
‘without talking about physics, chemistry or tekobogy, Fro. 
femor Martha ako devotes pages to showing that °Dilogical 
study is being advanced by the ase of chemical and physical 
methods’. But warely 10 one wishes to deny this, and it does 
Bot in the hast render uanecesary biological investigations 
‘hich use purely biological notions—such, for exaruple, ab 
hove employed in experimental embryology or newtology. 
[Neither does the fact that pinaical and chemical notions are 
‘useful in biology settle the question wits which Professor 
Maryhail began. And the sazne seems to me to be fue in 
regard. to two quotations which Profesor Marshall brings 
forward in support of his contentions. He quotes Professor 
Sie Edward Schafer as saying: ' The phenemens of tle ate 
Snvestiguted and can only be investigated, by the sare methods 
a all other phenomena of matter” Surely no one would 
Sinagree with this i by " phenomena of matter “Is meant that 
‘Which we observe by the senses. Bot there is an immeast 
‘ariety among such imethode—thove of chemistry, of physics, 
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ot gelss od by, dod cos eon cg 
Sep aE age ee eae 
= 
sand qe Sm Cade Bra: = 
the phenomene which make their appearence in 4 living being 
PZaaly tps» pa een ba 
Retry etry 
down ay » dogma to decide anything in advance of inquiry. 
‘But it is « very important hypothesis. Tt implies that the 
Pied brace Ts tae ing Senha tara 
‘Telations, 90 that the fact that they ére parts of a living body: 
pap fap mde Aplpee lg ple 
eset te geet Soetony 
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simply because they all (or oterly all) assume that what they 
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Sto rae, Aven pa et ban aed 
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ST eee eres 
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Croebe sites i ackang Ter ey oe” or ado 
See ae ee 
era an Soa sry bore Me dev 
tung tei eon gS 
:. By examining these criticisms we sball therefore: 
eeut pprnnyat hanaucoe to tens of Hoos 
Peat wep hepenr Spy eeed 
ologists. To me it secu plain tbat Professor Marshals hay 
completely tailed to understand Dr. Haldane chiefly because 
Pepa dertat rege eager Ayn] 
Sis rest Rm few Soding ont west tac ter 
Soe oy ae ee ae 
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Marshall from understanding that there can be any other 
Pelt of i he ero Kota "toga wth 
* aleological* treating these Cerma es synonyms, 
re gn by vaibrce te wag BAY rr 





nat woasd 1s have prt i Prt. Loeb, fe fronting of tre 
dunstion, bed arted ce tee scape fant 





But bas Dr. Haldane realy ever advocated anything quite 0 
Aily as this? ‘Does it vee at all probable that a ma of Sis 
aelnowiedged ablliy would propos mach a thing ? The pemi- 
Diy suggests itself tht what Dr. Haldane does teach is a 





tunderstanding of Dr. Haldane, Tam not concermed here to 
elend Dr. Haldace's contentions but merely to try to ander 
sand eat so am wht we we 
‘out that of Marshal's imaginary example could exsily 
be earned against hice, What wook! it have profited Mendal 
4, in treating of hybridization, be had started on the ausamap- 





tion that purely biological notions were izelevant or impropet, 
sand bad pat forward sone vague untestabie supposition about 
‘the physico-chemical nature of the germaails ? The tact 
that he proceeded in quite another way is surely 4 testimony 
to his wisdom. 

Fat let us look now at some of the things Dr. Haldane bas 
said, uze 1 will be as well to point out af once that the key” 
‘to the understanding of bis position is in the denial of chat 
‘hypothesis of Clande Bermard's Professor Marshall hime 
quotes De. Haldane as saying : ‘I{ we are to get « grip of 
(olagtalfact—the grip wich coabes us te predictwe mast 
abeays keep the whole organism io view." And this it dia- 
iietrically opposed to Claude Bernard's hypothesis that: 
“all the phenomena which make their sppearance ia s living 
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being chy the same law oe thowe outalde it”, Bat Pro 
Maral dew ot dome thaw two fepertat aherating 
‘eprats thal: "there lt wothing to be ulzed for 
(ekg parc by ovkiag rie 9E Me ee 
tn purponcs "and ths, lar as I can discover, isnot exaetiy 
swbat De, Haldane wishes tm co. Ths a in woul the casein 
Bralgical controversies, these eminent phvsniagists are 
tah aba totaly erst thing” We ca ak at 
‘our souree Dr. Haldane's Mechawiom Lie and Personality 

‘On p $f that book be writes: 


re ae nomnigatog meetion 9 ae meatuing the mam of 
tet othe eaeaae ered toe chet conten, 


Siete ct cee ewer, Comme cme 






is Sears 


‘There is nothing hare to arouse the disapproval of the mort 
seastive champun of biolgia! orthodany. nor docs it 
the least contrat the deta of Dr. Haldane’ own procedare 
{a the investigation of breathing. Bl notice that the author 
does not use the exprewion "explaining of “inerpreting* 
fn the hove pamage, be speaks only of vaveaigaing and 
rotrnring, aad of methods of 30 Soing. Als be speaks of 
Peyseal and chersial changes and f2eis. Let us sew tbe 
‘what Dr. Haldane says wen he cots. to fnterptcation 
Consider te following passage (p. 98) on” defects of eaent 
Physiology.” 

snot eich te Se facts 

Terese gener "et danas she “pemaie 
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sang he de et Raat oe pono santo 
{tha Live too mach ot» saacl Of bd-astocnad tlveogy 
ae Fimen they ae geared coolly or aren outed 
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ro conteryopaics of ether Soria ae bow. p36. 
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Dr. Haldane’s contention seems so far ta be that in expounding 
phyatology we asus always bear ix mind the whole organism 
fof which the various ‘mechanisms’ into mbich it can be 
artificially analysed are parts, and we should expound what 
‘we can discover about those parts (rom the point of view of 
their significance in the whale This seems lo be & perfectly 
iamocent and legitimate contention—especially when the needs 
‘of the medical student are remembered.” Tut. Professor 
Marshall does ot discuss this contention of Dr. Haldane's 
Decause, apparently. he thinks that Dr. Haldane means tome 
thing else, And of course Dx. Haldane does mean something, 
‘more and it erauins for us to ery and find oat what that some 
‘Thing is, The fundamental divergence berween Dr. Haldane 
and othodox phyrilogists seems to He not in methods of 
Tavestigation bat in what he calls the* fundamental conception 
‘or working hypothesis” sich is habitually wsed "in dealing 
‘ith the phenomena of le". Dr. Haldane contends that 
“Ts dealing with fe we not only use a whole series of special 
‘termy, but these terms appear to belong to a specific general 
‘conception which is never made usc of i the physical sciences." 
‘And if we read carefully what Dr. Haldane says in the pages 
immediately following the last passage st will be clearty seen 
‘that he is contending that the notion of the organism. as in 
soane sense 2 unitary wdividual thing enter into all iological 
‘Proportions, He also urges that a false separation between 
Atructure and fonction should not be mage, and that the 
signifcance of organization should net be forgotten. More: 
lover ag regards relation to the environment, what goes of 
1 the metabolic exchange in o far a9 it has any physiological 
significance, is always detetiined in relation to the rest of 
the living activity of the eegasism .* All this may well be 
of importance and thete does Bot appear to be anything bere 
suggested which ls at all opposed to physiological progress 
Te ttay even be Bhat physiologists do in fact anconsciously 
luis sach ocions in their work, but because they are a trifle 
ble and not obviously on the sarface they may pass un- 
noticed, Bot Dr. Haldane goes further still, Me explicdy 
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states that be rejects the metaphysical notion of matter 
entirely, He dots not conceive the organism as consisting of 
Title bits of ata panhing each other about In hi repect 
hin in Ene both with pSbnophicaleicom asd with roger 
Bayles Moreover be anger that “apparat. puyuical and 
homed changes te the ngns oc aauoan data which paint 
tothe underying activity" The fandarsenal concept it 
‘ot to be “mallet in moon * bot an" anderiying activity 
‘anlteeting eet tn fodividsad ities Thun ‘woat Dr. 
Haliane i ashing phiniohgats to give i nt ther mabads 
ich are the saree at he hin! taes—bat 
the intebectmal backgzotod of naive materialise He it 
‘sing them, i the words of Profenor Whitehead,” to bactoe 
SAibuopsical and to enter lato a thorough catia of tbeit 
fra. Wrondations", He. sicily. takes the epistemological 
[veetgatons of the last Use hundred yours senousiy thd 
toca that they wil ot let you go on in the oid wey. And 
Ss extremalydiflt to ec bow the truth ofthis contention 
can be denied. Dr. Haldane urpss physiologists to revise 
‘their notions about matter. but physiologists in general never 
tevuble theacives about such things eesuss they sUppane 
themscive tobe above "mctapysis when infact they are 
culpa very itr above it Seog upto te neck int They 
ft bem tating matter an aitranic Bot widvost being vary 
clear about what they meiat by it, and they have been trying 
te make be fats abou organiams ft tit notion. Ad any 
cf ther do Bt tleably well 1 eocourage them inthe hope 
{hat ultimately they wil all Gt. Meanwhile poysca, upon 
which biology is to be based, is rapidly frecing itseli trom this 
oti aided by eputemologiod enti, this ertiom 
{2 jot-and i seme to berth It should have important 
ences for biology, bet there does not sem very much 
opr Ut tone cnseqeton being developed or worked out 
the najonity of physokgatn pest In thee prevent oxy 
plant adherease to tdi. 

1 a not wah to paver De. Haléaae's view auch (urter 
fo etal a tia place, but afew core ot is sayings may be 
{btrodaced bets we pass to other mecbanatic acto 
Dr. Haldase waats to take the concept of the organism At 
‘it of realined netiity x ultimate lead of mest ater 
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“The aim of biology then becomes he says 
to tree Sn deal, and with Secrasiog clare, the ongnae 
‘Actermteaine SOS The Groene ceuzxptio poston” 
‘What then, does be meas. by organic determination? On 
6 of the book we have been diseusing, he anys, that 





cecaral sci of te Capeion ant oot Dey dependent 

ptrroees ot mary dependent 
‘That is to say thatthe whole enters always into the deteratina- 
ton of the activities of the parts. Thit is jast the denial of 
‘the proposition of Claude Berard which we have already 
referred to. And if this contention ie crue we can see that 
what is left out by orthodox physiology according to Dr, 
Htaldane is not just something wc is unimportant or beyood 
the scope of scientific method but something of hundamental 
Aignifcance which, as already maggesied, may actnally be 
operative ia all thought eveo although it it not 
consciously recogsined. Profesor D'Arcy Toampeon, in a 
feview of Ds. Haldane’s book, The New Physiology in Mind 
NS. Vol. XXVIL, p. 359, seems 10 have raised the point just 

Professor Mardhall does but he comee within an 20¢ of 
realizing it when he says: "it is not biology which be (De. 
addane is trying to relorm, but the carrent thought of the 
world’. And of course Dr. Haklane (ic company with 
‘number of other people) trying torelorma the current thought 
cof the world. Bat why not? Is that thought infallible ? 
so what are its aime toiniallibity, and are they any Detter 
Jounded than other claims of that sort? Mf itis net 9 
immodest as 10 claim infallibiity thea it can hardly object 
to reform, And if what the reformers bave to OBer fs" di 
cult or" by 0 means clea" tbat is hardly to be wondered 
At when we tesall ll the factors mentioned fo the lat chapter 
‘which play into the hands of conservation, and when WE 
remember haw dificalt {ie to overcome 2 wellembedded 
yxtem of thought. however well coe rosy appreciate its 
deSciencies, The present system was not built up in a day, 
4a rei couse to del wih promt day pcb. 
‘Accordingly it weed not surprise us iC knowladge has outgrow 
Ita eater mataphysicdl Gothing. Bot if we cing exctusively 
(the old becuase i in oil wefal or becanse any other elieroa- 
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‘ive is dificult we shall cantinne to stagnate. The history of 
‘the fist Renaissance Guminates the birth struggles of the 
cue now ia progress. The opponents of reform at the preset 
day aze repeating the same Kind of obstructioniom 02. wal 
practiced By the adherents of the Arstotzian view of the 
‘world. Not with axy deliberate evil intent bet szaply trom, 
{faze to appreciate elther the seed for refurm oF the Centar 
live eflrts of the reformers. 

‘Frum what fas been said itis clear J hope thet, whatever 
ray be the trath about Dr. HaXiane's contentions, Proessar 
Marshall has taal misunderstood ir, and ss quite wrong i 
his confusion of biological concepts ‘with (eleological ones 
in the sense in which he appeart to understand them. That 
he doce make this ennfasion is eidcot from the fact that be 

‘Dr. Haldane to pat forward any purely biological 
(or telologial theory of heredity sehich wall conlorm 19 the 
waditions of a true scientigc Dypethesis'. He has himself 
ive an instance of a purely biclaical theory of heredity 
‘when he mentions Mendetism, and this is generally regarded 
‘ten troe scientihe hypothesis, and also as Being ftee trom 
* teleolony *. 

There is only one more point in Professor Marshal's paper 
to which attention need be called. He saya (p. 70) quite 
rightly that the answer to the original question with which 
te began depends wpon what we sean by bislogy 







ity Ht 
pat et wafral steno, and 
ey mich the migtae 
chomatry ant 3 

siepee deal sik abssactwes and as place in aay 
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imagine taat no one would wish to deny this for a moment 
bat what bas it to do with the question? The original 
‘question was "whether the categories of biology are ultimately 
‘edacible to thoee of cbewiatry and physics“ and most people 
‘a reading this would take the word biology to mean that which 
ia known to the workes in the laboratory and the obweever in 
the Geld. What Profesor Marshall seems to wagyeat sow is 
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‘hat tere is 0 sopping betweea the maze culection of date 
‘in accordance with 2 pricy” phesomenalistialy interpreted 
on the one hand. and metaphysics Glwrhewpé on the other. 
ht this isthe standpoint J bave all loog beer contending 
against. Surly itis lgilmate to epak of theoretical biology 
BF theoretical physcn, ete, indicating ereby that each 
Iience nat only secka to Gscover facts with a view to uly, 
bt to to attain to = general comprebendion ofthe whole oh 
its aphere, without prejudice, owever, to tll wider questions, 
‘And if metaphysics i not (0 make woe of thew general iter: 
pretation ofthe sciences regarding natare Ill me where 
iis to get its information about patere from, But it the 
sciences content themeclves with « purely wllltarin pheno 
naliatic sehere Lalo fall to see how melaphysica can pat any 
Teliance upon them or make any us of them at al 

does not seem then that there ie anytbing at all con: 
cusive for out purpose tobe obtained from Protesor Marshall's 
paper, and for the following reasons 0) he approaches the 
question folly. Irom te standpoint of the pbytiolagical 
investigator, and we are concerned with the standpoint ol the 
theoretical biologist who recognises that there are other 
Tranches of the science, © genetics snd embryology, ee, 
{2) be lakes @ purely phenomenalistic view of science which 

‘ete rejected; () he interpets * mechaistie’ to mean 
‘sing the concepts of physics and chemistry" and contrasts 
this with "Biological of teleological’, bot without justifying 
(he identscation of the laser (wo terns in Dis way. 











An example of ontological dogmatic mechanies is eflorded 
ty Profease Sir E. Schale's. presidential addreae to. the 
British Auociation in sre. By a mechanistic explanation, 
the simply means one in terms of the notions caren in chez 
istry and physics, especially the former. Professor Schafer 
oes not disci the question from the methodological stand- 
point at all and therefore his view falls ovtide the scope of 
{his dlscomion. “But it is worthy of mention Tere as an 
illustration of the extraordinary simplisty with wich bio 
logical problems present thamcelves 9 the Bhysiolagit. He 
simply picks oat ‘ll thee characerstics of rgasiams which 
tan be imitated in the inorganic world, and cots all the 
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\dlMcalties which arise when we tury to puth the analogies a 
‘ete farther, until we wander bow anyoor could bave came to 
‘ruppom that organions presented any problems af wll Mare 
‘over the concepts of physics ere taker on their face valve a3 
‘quite concrete and extanstive in their own sphere, Such a 
point of view can either be accepted ar rejected a8 a whole: 
{ere sno seope fr discussion. Ontological mechasiem of such 
1 simple cockcrure kind realy belongs to the realm of religious 
‘eothesiauns ike socve entological vitaisns and is therelore 
beyond the reach of criticism. Ht is difficult to avoid the eon 
elision that wach extremes are seached more by way of a 
“wil a beeve "thas by the spe desi to find out what 
‘We will leave the physiologists for the prevent and ra 
to the views of the late Dr. Jenkinson which are exprestod in 
{be tt chapter of ie Bape Embrey.” On 297 
3 writes: 
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‘Thas Jeakinaon believes that biology shook? proceed by 
duction to seach causal laws expressed in biological terms, 
‘This seems a eiuch fore reasonable metNodolngical procedure 
than Ihe extremes advocated by the previous writers. Re 
then proceeds as follows 








tn plain that the diflerencea detween this author and the 
‘others are correlated with the fact that he in an exbeyologist, 
‘This makes him more sympathetic to physiological cc Bio. 
logical laws as a ist objective, bat it also leads bim to intro 
‘duce the notion of development. He appears to he an onto: 
Iegical exechanist. There ia no taint af phenomenaiism in 
Bis views. He interpeeis science quite realistically. Hr 


A Onterd, 295 
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speaks as though mechanics (io the trict sense) were the last 
‘word of physical ecienee, and it most be comeatbered that, 
‘when be wrote, the revolation in physics had oot progressed 
2 far an ie has at present. Being ax evelutionist be thinks 
‘of the bierarchy--mechanical, chemical, and iological as 
though it were a kind of genetic series. This of coure is an 
‘extenake of the notion of evolution beyood its original 
blogical meaning. He thas introdecs the notion of engin, 
‘loogude that of tausation. He says: 

+ vammemean are thong ox 
omalaes Than seteation the 
Site stostse Sane and coukt toch a0 tie of se ate? 
‘Sw beesinad the Gah of sanace mola bave Does corpse 

‘There ig carious blending of metdodology and metaphysics 
tere with the emphasis on the metaphysics Evatition, 
interpreted metaphysically not as « biological process but a 
‘ane invelving the whale wniverse, is made the Dasis of 
‘methodalogy whoue busines it will be to proceed in the eppo- 
site direction—fom "heterogeneity to homogeneity’. Thus 
thece ts no maystery “in the process, but only in the beginning, 
Jenkitson pute forward this scheme as a dream and 2 fail 
‘vat dreams do not always come true and faith is sometimes 
misplaced, Moreover how can we ‘ell how roans’ 

‘will remain when the goal is reached? Clearly we shall never 
find an answer to our qoestion aboot alternative methods of 
{nterpretation in biology if we proceed in this way. The 
‘question is sttied in advance by specciative methods, but 
Aelence it not concerned with dretros. 

Tt ia carloas to note the way In which Jeskinoon assigns 
{gute a diferent place to philosophy from that given to it by 
Profesor Marshall He sayx 

soe pabsopay to ater te ston thas st Suey a a? 
‘But if this isthe business of philosophy it will arly have to 
‘emai idle for a Jong tize—unti the dreams of the man of 
science come true. Became even if we do know that only 
‘ope mystery will remain there does act seem be much hope 
‘of ever saying anything abost i, cervaialy sot until the inter 
ening stages have been sasely pasa over. Morsover ifthe 
tan of adecce is to tizow up the sponge when be geia (9 
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mechanics there does nol seem to be any reason wy a phil 
‘nopher should faze any better in face of the awful mystery 
‘at remaina, 

Farther cogitation leads Jeskinson into x difficulty which 
abways arises whea evolution is Blended with mechanics 





+ Pricnophy canoe rok conte n 10 goin ream of cn 
spade a ee cpm sum oi at mate 
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Telok therefore as thagh hood the dram of since come 
‘true philosophy wil have to begin all over again. For what 
‘seemed to be evolation was not evolution, and what was taken 
‘to be hemogencoas turis.ost to be anything bot it indeed mere 
complicated thar anything that has since appeared. I 
seems clear that Jenkinson has taken the simple working 
‘notions of science, such as causation and evolution, and in- 
‘antloutly extended them foc metaphysical purposes into 
imaginary regions abost sthich we really know nothing, ' the 
Universe” being conceived as a lerlized ovum. He seems 10 
contradict what has gone before when he says on p. 299 that 
anowiedge through “ material and eficient causes "as to be 
‘romaded into # whole’ through 2 knowledge of the * final 
cause’, which he says i just as much a era cause as the former 
‘on secount of our ignorance aboot the causal nexus. fenkin= 
son says that i is only because of cur desire to predict that we 
have come to restrict the use of the erm cause to the ante- 
‘eendent. He also says that ‘a parposivencss' is an ‘une 
‘mistakable characteristic of the (unetions of living things " 
but a little further om he says that this purpeaiveness is “only 
the expression of gor inability to comprehend their beginnings 
‘except fn terme of their ends. It is" ecistive to us” but not 
{therefore any “leat rea, but nevertheles it isa characteristic 
‘which "still remains when those fonctions have been expressed 
in terms of the chemistry of the proteids. What is one to 
lundrrstand by allthis mystication when what is conceded (a 
fone proposition is denied in the next? When a thing hay 
bern.“ exprewed in terms of the chemistry of the protekls * 
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it ig not altered thereby in any way. What then is meant 
by saying that it ‘remains? "Next there follow series of 
amartions which seem to contradict either one another o¢ 
those made previcualy 





Pete ot Sin ri bas 
ia own Uiinate coscopenna *. “each teuvonts to toss 
U3 gu ohms Into thon ofthe see bow a Easuntoe 
cere retch be wr atc, ha raiy of te 
What precisely are we to understand by all this? A concep- 
tion is id to be ultimate when st cannot be Fedoced to ally 
‘other one. If biological coocepts can be redced in this way 
then they are not ultimate, Dati they cannot be so reduced 
hs ny timate hao cee 
has nothing 10 do with that of which they are concepts, 
sens plain enough not to be in danger of bing forgotten. 
Each stage in the" casmic process" says Jenkinson, possees 
peculiar Features which are ‘simply the outcome of en increase 
th complexity 10 this is the case then the biological ean 
cepa ae tres wee a.m rin ei, oe 
the translation’. which is sioply easing 
ledge, the ony reality that rea Tote reality which 
was there Tefore and has been since the "frst simplicity ” 
nararls, according 10 Jenkinson, "wtca-molecular tous 
‘But if this is the ease we have given no account ofthe” pecuiat 
features. which sccm «0 have dropped cut of the scheme 
altogether, Thisis an instance of the od difficulty exemplied 
by the "secondary qualities all over again. Tt seems pet- 
fectly” clear that we have simply and goite legitimately 
Jignote the “peculiar features is order to arive at those that 
afc not peetiar but are pervasive overall the “atages bat 
what is wo! legitimate isto forget this and soppose that the 
prcoliar features have been embraced io the more abstract 
scheme. “The reason why they “remain is because they have 
‘ot entered into the scheme a all, bat have only been orgottes. 
Clearly then we requize ether schemes in ordet to take thera in. 
‘This, 1 understand, is eecogniaed in the ere recant schemes 
‘of emergent evolution which simply accept the pecular 
features and do 2ot attempt to explain or reduce" them. 
‘Thus although Jenkineos does not sess the metaodalogical 
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‘Point of view his views have ofered 4 good exasmpla of the 
‘ove fallacy resulting froz not understanding the aacure of 
abstraction. Jenkinson, in fact, adrsits that what bas been 
accomplished is uct what the original scheme supposed It 
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Lat us Iaave these turbid Oxord metaphysics and turn to 
eas ambitions. We bave not gleaned enytbing 
‘wach about mechanical explanation which is wery cle, 
although we have noted some of itt Implications, when 
Coupled with evolutionary notions, which may prove Hamm: 
faating, The upebot of tall sors io be tat Jentizoon means 
‘by a mechanical explanation onc is terms of the classical 
mechanics, a9 was the case with Verworn, but it in t0 be 
‘guiding ioapiration, and does not clas to be‘ elfevident' 
Te yum clear that if we adhere to kaown facts the" dream and 
faith as depicted by Jeakison has very litte to do with real 
biology. These aspirations are the result of the inredatible 
tendency of thought to run ex in its conceptual woxkd to 
‘propositions Which carry us ato a transcendent world beyond 
the boundary of a ' posible experince. Such speculations, 
while they may bave some positive value as furnishing 
motive for research, ako have their negauve side, because 
they rest on the assumption that mature bas mo surpriacs in 
sore for vs, as physics secs to have believed daring the last 
exntury. They suggest that we know al thet theres to know 
fn principle, and that te intate history of science will only 
tall the story of the working out of details. This ina dangerous 
docteine expecially ma young science suchas biology. Muck 
the same atitode geevailed iter the Darwinian publications, 
and everyone knows bow detrimental i¢ was even to research 
‘except along orca restricted lines. Thos Bateson wrote: 
“Danwin’s achievement so fat exceeded anything te w33 
thought. possible before, that what should have been bailed 
ssa hng-expected beginning was taken forthe complete work.” 
Every succes el scientife Socttine seems to have this Gouble 
‘spect. On the one hand it opcns up new avenues of ought 
‘and on the other it seems to have a conservative and blinding 
infuence tending to restrict farther advances nat in conformity 
swith it And (ts jst possible thatthe mechanistic Kal 5 
omnmonly incerprete, itt to be adhered to a8 the exdsioe 
sore interpretation io bola sot people wih 10 be, 
may have a similar Blinding induence. 1 reason 
thal iia worth wil to vot a line caret eying fo end 
stand it. And in way case to found biological thinking on the 
metaphysical easussptioas of mid-Vitortan physics and the 
philosophy of Me. Herbert Spencer is (o found it upoo a sand 
‘Canta of which Erte has been left by the tsing tie twentieth 
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century criticism, But when we talk too nalvely of forces 
‘and matter and caoges that is precisely what me are doing. 


Profetsor E. B. Wilton makes otcational references to 
‘mechanical explanation in various places in his great book an 
the cell But it ie not easy to discover his views, He 
approaches the question from the sterdpoint of the invest 
‘ather than from the point of view ef one who wishes to under- 
stand the theoretical value of the wechanical explanation. 
Sometimes he insists on its inadequacy, and at others he 
insists equally that we have no other alternative. He ues 
‘he expression in moce than one sense. On p. 635, in dite 
uning the expreion ‘chemical racine wed by Loe, 
ay 














acrne Sor septs hat bea 
Sat ewe wc ta i dseery end has hep e oy 
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Now bere is anew sense of mechanical explanation ‘in which 
Stren to meas imerpretiog the oeganiam on the analogy 
of a hurwanly constracted machine. Professor Wilan drawn 
Attention to its crudity bet defends it on heuristic grounds 
‘We shall have occasion to examine the conaequences of this 
meaning of “mechanical” Iter, meanwhile we can considet 
ome other expresaons of opinion by Profcwor Wilton. On 
1. 670 he relers (0 the shortcomings of purely physicat and 
Shemical explanations as understood by Protesor Marshal 
‘This ia intersting im view of tbe fact that Profesioe Wilson 
isa cytologist. He says 
< We cant hope to comperbend the activites of the Weng 
sat by saps mre fn goete ceentnn or re 
{Simatic inte tbe opens cf hge mote 
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‘Professor Wilton also points out that this i implied in the view 
‘of Loeb, Tt seems then that in addltion to the chemical and 
physical aspects emphasized by Professor Marshall and the 
‘evolutionary standpoint of Jenkinson there is something else 
about organiams brought forward by the cytologist, namely 
(cganisation. Profewor Wilson scrme to suggest that this 
cannot be adequately dealt with fom the chesica) analytical 
point of view but much later inthe book he seems to contradict 
this, On p. 1037 he says. again speaking of organization 
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‘And on p. 1817: 
Exinieg muchaninc jatepreation of tal phewomens 
videtly ue inadequate: bet nov squally Seas, he someoae 
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‘Thus Profesor Wibon also appears to write from the stand: 
point of the investigator co whom ° koowledge * means facts 
{ind to whom therelore any device, even if it i only a Beton, 
is acceptable 20 Jong as it justisesitvelf heuristically. The 
fast sentence is characteritic in omitting thong fom amaoog 
the requisites for the advance of knowledge. But if biology 
ln ever to be more than a‘ roedley of a hoe hypotheses” 
‘thought will be Just ns necestary a8 observation and experi 
bent, Te sees clear that Profexor Wilbon uses the mxpresion 
“tpechanistic explanation” io two principal semars—eome- 
‘dines to mean an explanation in terms of the concepts of 
ptysioe and chemistry, and sometimes to meas an explanation 
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eu hn wag a ching, Bat tee oi of coe 
“everything to mechanics as there was in fhe case of 
Veewor and. Jentinee, Prolesesr Wilsons opinions. ase 
characterised by mestraint and lack of dogmatiem, and be lt 
rvidently in doubt about bow exactly we are to regard rich 
interpretations, He nevertheless believes that we bave 00 
ther ternative. And his remarks, being guided only by tbe 
bbeurstic point of view, ave not been of rauch help towards 
‘the solation of the theoretical question regarding the sufficiency 
{thd inevitableness of methodological mechaniem 
"There seraaine coe mote sense in which the teran* mechan- 
lic" bas bee used in corent biological Lterature. This 
a lustrated by the SoUnwing passage from a book by Mr. 





[seezns clear fom this that all vhatis bere meant by mechan 
‘aon is the belied in the‘ Law of causation * oF the ' lformily 
of nature’. This is commonly regarded as a necessary 
‘methodological postulate of natural science. And beg 

muthodological postulate it sialies 20 assertions about the 
nature of the processes stidied, bat merely asserts that they 
take place according to law, or ‘work in an orderly vay.” 
Bat itis not quite clear bow this can be regerdod as offering 
lan alternative to materialgm of vitalism. One might as well 
‘peak ol socialiam stering between quakerier and binwaallisc, 
Mechanism in this sense is not biological docttine but a 
methodological postolate. Materialiem is the nase wither 
foc a metaphysical theory about the universe, of for an 
‘explination employing the covcept of matter. Vitalis 
‘again professes to be a doctrise about organisms—a meta- 
hyrical theory in the. senae of ontological, not abuat 
things fa general bat only abost organivms. if we are to 
find'e third alernative to vilalism on the ont band and a 
‘materialistic theory on the other it cannot be 2 mere methnds- 
logical postulate which tells ux oothing about organlams, bat 


Grout Leadon 1904. B18. 
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merely asserts what it Is believed has to be asommed if wn art 
tm study ther scientifically. TI doobt whether in the case of 
biology (in some departments at last) it need even be called 
fax aasummption. [tis sarely a matter of observation that the 
developmental processes, for exampk, ‘work in an orderly 
‘way’. Itis not 2 question of finding ty but of ana 
Ian, and nding an loterpretation of, it which can Be 
‘Nevertheless the above meaning of" rpechanisay 
‘ne which is commonly used. Prychologists for example, 
speak of the "mechanism of a neurosis” refering thereby [ 
‘muppose to Whe ordered "structure" of peychical procetses, 
‘They autuane that there is some such orderly structure and 
‘all f¢ & mechanism withost implying anything further abost 
the ontological naturn of those processes. “Thus the term 
may be used (or the methodological postalate that there 4 
some sort of order, and thea it may be applied to that order 
itael 


T believe I have now noticed the principal senses in which 
the expresion ° mechanical explanation is actualy used by 
Biolog, and the gross upon wih adherence fo them is 
Gulended, ‘These prcpal temas ate as lows?) a5 
Tiraning an inlerpectaion in terme of the clic) mechs 

‘Verwor we saw that the acceaity ofthis explanation 
ology wes held tobe setfevident “bat with Jenkinson 
tewas ©" dream aad faith". (a) Toe seoind meaning wat 
that of Profesor Marshall whieh seemed to ean simply a5) 
aplanation which uses the concepts of physics and chemistry, 
‘Ts was held to be auficient because it had been succesful 
‘beuriteally fe the past, because ws aasumed hat the only 
aleve wa "etogy undeied), and bea vat 
‘went on in the parts of organs when ‘sod wan assumed 
TG te what wert on in them when in De whale Proetot 
‘ilon also employed the term ia the sense, Le. es & naroe for 
any interpretation in physical or chemical terme (3) THe 
{tifa maualng. seas. fo cgnity any isterpretation 0 the 
fnalogy ofa machine in the common sense. Profesar Won 
fine cand the tre in this ange Lich Speaks ofthe ogee, 
404 “chee machine) In the fourth roeeing, thit 
‘Of Ms. de Beer, the tam was tae fora metocahgieal poste 
lave whieh anects that the abject of study is ID some omy 
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‘arderly, and we sew how this term may then be extended to 
that which is thus assumed to be orderiv bet without any 
farther metaphysical assomptions aboot its" nator. 

now propose to examine some of these meanings in moce 
eal, beginning with the frst, and itis necessary 10 inquire 
‘what is understood in physics by 6 mechanical explanation 
In this strict and proper sense, in order ¢o see bow biolagy 
standsin regard to 8. Pertunataly Dr. Broad bas contributed 
1 very valuable and thorough analysis of the various kinds of 
‘mechanical explanation for which bralogste should be thank, 
land the reader may be strongly recommended to consult he 
‘original.’ T need oaly draw attention to the chiet points, 
Tt should be said at aace that Dr. Broad does not profem t0 
disease the question from the standpoint of the biologist but 
simply (0 exphin what the mechanical explanation sey 
atrta involves, Early in the paper Dr. Broad says that : 
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‘There is no doubt that what physiologists mean when they 
depict their ultimate goal to be mechanical explanation in 
_astrict physical sense is some form of micrascopic mechanism. 
Now what Dr. Broad calls" heterogencous microscopic 


sarchanism * cequires that : 
ine obedience of the 





As fr a3 Tea dicoves no physiologist bas made ase ofthe 
Zechasieal explanation in any De Beoads emo, wa 
Ay one wishes to aet about tproving om hia ate Of a9 
Be tnoudconslt Dr Bron's paper attace Iti prtclaly 
instructive to note what De Broad saya about chemissy, fF 
a6 be ways, th ques of the sucency abd acess ot 
tiechasieal explanation arse ain regard to chemistry. 
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anything like this in mind. Such strict mechanical explana- 
sere a nnd Sp et rol ae 
(el en raw op dea ee 
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Bec ene ey rn ot 
and #0 to infivence biological theory until that event is realized. 
Ef the latter course is taken we shall simply be repeatiog the 
a Sy meen tn 


We can tuna ouw to our second meaning of mechanical 
‘explanation, in which it simply meant usiog the concepts of 
‘chemistry and physica Tt is ‘this sense that the 
term ig most commonly used by physiokgists when they 
are talking aboat the present state of biology and not some 
‘remote hypothetical foture state. There are three comments 
to be made about the view cepresented by Professor Marshal. 
Flcst that controversies relating 10 this topic are apt to be 
rendered futile by an equivocal ste of the terms ' physical 
‘and * chemical"; secondly that some important beunches of 
‘Hime, a the mazennpic iereoen etre ce tia fatter, 
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Physokey, ¢—, seuclgy, still we Bilgial concepts ex- 
Cluny or abowt mo Ad thirdly tt el. ae 
tor this view when these frances of bingy are taken inte 
cousteratoa where easton eo prance e 0 
Ses tae comuments of Pree E.'B. Wisem, ‘Theae tte 
‘Stites we rated. f wil rx pian what Toeaa by 
the ejnvocl Se ofthe tn chesieal” ad“ pyeial™ 
Confions aie Iti fom aur to esingih ceca 
tothe ve chemical concept. A lamp of ft cana 
‘2 chemical entity, and the word” lon" etna fore chem 
Seacep. But suppoae the ion has the frm o «Poker of & 
pad hen slbowg te ro tl cemially aly 
Tine ase way ax bere cannot stil be fly escited 
terms of chemical concrpt. Ito 2a a rgeisaton shone 
the chemical level In fe same way an organi i pial 
tty he seme thats oe of he ting we become rae 
‘of by means of the senses, and is a chemical entity in the sense 
‘that it is capable of chemical analysis just as is the case with 
sae al ety, bt dre ok a lw fa 
‘this that it can be fully and satisfactorily described in chemical 
se ah et ym macy 
ita tn mucho fay sepa td wy expe a 
te macho 'S expable tnd nly ca 

i physiology of natrition, for example, 
13 arp ‘occoped ite porely chem change requiing 
fly Shenical concepts ‘Bat wen we exten cur ew (0 
ferterimplcaons st tbe qoeton of iran we sow get 
into regions wee this no ngee the case There Oo 
‘etn, for ears, o bow the food ets oto the stomach 
12th fat instance, and how St omen Sout tat met ges 
Ineo sme straci and sly grass end sever mes ito ote 
Abstraction ts ode fom this when the chest of 
digetion under comration and ute igh, ba al See 
furthes questions are clearly invoived and are legitimate bio 
Ingclgteatons, bat tists al cay a hr far ear 
fustified in saying that only chemical and physical concepts: 
SSould be employed i fear interpretation, The then te 
dome of ie ars that ad sacs write an Proto Won 
nd Dr. Haldane to tae on te importance of puro, 
bd we shall ty to ure more wey tote tei mpetone 
‘en we crs to dina Cat 20a. 





26 PROBLEMS OF BIOLOGICAL KNOWLEDGE 


When we coaie to the thin meaning of ‘ mechanical ox- 

planation ”acoording to which the organism isto be interpreted 
eoording to the aclogy of « heamaly comtroted chor 
‘we reach a mennicg which is frequently contased with the 
foregzing and which is izportant because it does attempt 
to overcame the dificelty mentioned in the lst section, This 
View underies all serious attempts fo arrive at 2 general 
{nterpretation of the organisa wich ase at all adequate, and 
it underlies also both the vitaistic and the materialatic views, 
‘Any auch theory has lo give some account ofthe lat that the 
‘ngasismn isin some sense a ing individual thing posteaing 
A "greater oF leas degr@® of independence according. 10 ite 
volmtionary status This the * physico-chemical view" w 
above devcribed does not attempt to do, and this deficiency it 
that the machine tory tes to remedy. Thove biologists 
‘who are nt interested in sch aspects ofthe subject naturally 
‘ever feo the need fo taking any account oft in thet theories, 
For them « purely analytical procedure, wsing only physical 
fod chemical concepts, naturally seems pertectly adequate, 
‘We noted how Proleuor Marsiall failed to understand why 
Dr, Haldane insate that we must "keep the whole organiah 
in view". "Now the mecit of the machine theory lien in the 
fact that it docs attempt to deal with the whole organi 
becuse a bumanly constructed cuchine is a whole—a single 
individual thing, “Tt cus bas the necessary unitariness which 
enable it to provide an analogy to the living orgasiam, If we 
‘examine the Vialistc theories we Sed that they abo usually 
employ the axalogy with a machine, but, in «sense, they carry 

‘the analogy sioce thocoughly, because their machine bas 














‘ts pomible to bave a rachioe which comes into existence, 
rans, repui and regulates iuell acd finally divides into two 
machines, without mechanic. “This is the problem which 
oafroats the on‘alogialmechaniat who says that the organiza 
‘tin some sease a machioe, and th ral point at ansebetwomn 
‘ine and hin vitalatic rival ie jost this ove ceparding the 


VITALISM AND MECHANISON a 
particular does not involve them, Ie driven to meek 
‘5d trom the analogy with the machize. And whe: the analogy 
begins to present dificulties it then Becomes time for the 
‘methodological machinist to consider, if he does mot like to 
postulate a mechanic, whetber it ie not desirable to examine 
the analogy itself moce closely and te look about for a better 
‘way out. Tt is well to remember that Descartes, who was the 
Tounder of the machine theory, had no dificulty over this 
‘question of the mechanic because he regarded God a9 the 
‘irchanic who had created all the machines ance and for all, 
‘But in modern times the situation is not 30 easy because our 
‘machines are required to have evolved, and 20 we get into the 
Aifficalties which we saw presented themselves and were oot 
‘clearly resolved in the discussion ia Jenkineon's book on 
embryology. [tis the dificalties introdoced by developmental 
notions which lead to the antithesis between preformation and 
spigencais. Thus the machine theory, which ttempts to 
take account of the facts of organization, gets into farther 
dificalties when division and development bave algo to be 
‘dealt with, and these diicuties may simply be x consequence 
cof the fundamental inadequacy of the orginal analogy. More: 
‘over thit analogy has always been carried out on the basis of 
the traditional materialistic metaphysic of natural science, 
and if that metaphysic is given op ft may be eatice both to 
lunderttand the defects of the analogy, and also to find some 
better alternative 

‘Another question which bas already been referred to it 
the questiog of the limits of the mechanical explanation eves. 
in the physical sciences. The fact that they are not exhaustive 
‘even in the physical sphere is often forgotten too when they 
far carted over into biology. But the old difficulty of the 
secondary qualities always crope up oo the materialistic vies 
because this view mever made any attempt to deal with it. 
ewe adbere ts this view we have to edmit other types ot law 
‘over and above the mechanical inorder to connect the mechan 
‘nm with, the secondary qualities and with the minds that 
‘Observe them. Dr. Broad, who discusses this diffeaiy ia the 
per abveady referred to, says: 
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‘Thera is Uede doubt, I chink, that this farther complication 
‘a uszally not understood and the machesical view ig thomght 
tm be mare simple and exhaustive of what there is to know 
‘than is actually the case. 


Te wil not be neorsary to devole mach attention to the 
italia: Dheies foe two reasons fst, beeause Bory do ot 
ick erties, and secondly Deeaue there does tot seem to be 
toe to Be auld in thee Gelence. At the sare time it may be 
[rope to point ont that good deal of the crtciam ls rater 
Erste the point. It is aot” pomible to relate ontslogical 
vital, The fact that it offends our mocistic predilection 
‘ool an argurseal agaime is tath. Is quite impowible 
‘ay that there afe bot such entities ax eateleeies inthe 
‘work, The eel objection (om our point of view & that 
‘even thes ont staunch defenders are able (o say 10 lite 
Shoot them, They can tel as what they are mat, but {ram 
the nature of the cae itis vot pantie to say mnything positive. 
steechies are thus in the unfortunate position of the 'ex- 
fevoal word "of some ofthe nhenomenaatic writers, We ate 
{Seat hey et a a tt et frome 
‘They are thus extremely uninteresting entities 
{sony irom the sadpatt of eaten scence Yo inves 
fatleehes as agents atthe point where the. malecalistic 
‘machinist gets into dificaltics has not proved to be of asy 
‘aloe from the methodalogial standpoint because i is too 
soccesTul, too general and gives ws no Wight upon the particular 
‘ase, Enielecies are ix just the same position as energy 
fwhen che latter 18 regarded. as ‘the catoe of changes. 2 
Maaiter’) and och 2 appeal to imperceptible is cootrary 
to the present tendencies of scientific bought. We wash to 
tee how far we can get without ssaking sch appeats Tia 
‘asy to understand why vitabstic theories have een unpopalr 
‘whe we rua aver the hat of aditional demands and portaates 
of natural scence bet Edo sot wish to suggest chat falure to 
satiety such demands 4s a suficient ground for rejecting ther. 
‘Aod it mast not he forgotten that the etalatic writing have 
ther valuable side. ‘They represent an adventure in thought 
he exploration of 2 pomibdity-and biologita should be 
essa. ps 
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Uatefal to Driesch for the patience and thoroughness with 
‘which be hat carried out this explanation. [1 we find that 
‘his path Jeads ab 0 a émepasee beyond which itis impossibhe 
10 gp it need not be concloded that nothing has thereby 
‘been accarnplished. Thee is « great dea! to be learnt fom 
‘the writings of Driesch because they deal with those aspects 
cof the organism whick are omitted by the other writer. 

‘When we turs to the psyeho-bologsts we do not appear to 
fare aay better. ‘They appear to want to extend peycho- 
logical nations ceached by introspection to the interpretation 
not only of tbe behaviour of lower orgazisms but also of the 
morphogenetic proceses, and in 20 doing they are contronted 
swith diicalin of the same type as are et by vials of the 
Drietchian kind. But they abo bave the merit of calling 
‘attention te aspects of the organism which any adequate 
theoretical biology will have to take into account. 

‘From the point of view of the logic of biolory the anti- 
mechanistic Giticiums amount at bottom t0 this In your 
‘reatment of the organism. they say, you have omitted 
something. And to this there appear to be thror principal 
types of answer : (x) The something omitted is beyond the 
stope of tbe scientic method. This answer leads (9a narrow 
interpretation of the scope of scicoce which wishes to ideutity 
it with mathematical physics, and calls every other kind of 
knowledge.“ philosonty omitted is 
ilusory or * uneeal’. This isthe method which was followed 
by physica in dealing with the secandazy qualities, From the 
purely methodological standpoint it is unimpeachable, but 
fram the theoretical point of view it has the disadvantage 
that the“ unreal ultimately reterns upon you lke a boomer- 
ang, because nothing is banished from the universe by bei 
called unreal, uny moce thas it would be by the otterance o 
‘© magical incantation. (3) Tae something omitted will be 
embraced by our scheme whan knowledge Is. suficiently 
‘advanced. This type of antwer im 30 fa a it Is an expredion 
‘of an tnbounded optimism and faith in the possibusties of one 
‘exchoive paint of view in the study of matnre also has hewistic 
‘merita in providing an wrge to investigation, But both trom 
‘he logical und theaeetical standpoints it bas the disadvantages 
of dogmatism since it cloaes the door to the exploration of 
‘ther posibiitss, 
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‘We now have to ty and summarise the progress so fas mada 
towards an understanding of the antithesis between vitals 
‘aad mechanism. The alisation is complicaled as we have 
seen by the existence of much diversity of opizion and by the 
te of the term *roechaaical in diverse senars, so that the 
ines ure by 20 mearu lear cut. And the diversity of opinion 
ital ‘on a diversity of factors. Consider fr the 
Nistoncal aspect. Mechanistic theories are the gptcome of 
Joog nnd successtul Line of thought developed, in the fst 
place, in elation to the problems of the lrsical sciences 
This line of thought bes two great advantages ay compared 
‘with any ponstble rivals. In the fret place i is heoritically 
suocetsful, and secondly it arose out of conuaos-sease thought, 
and. supertcialy at least, does mot clash viotently with 
fcammon sense and tbe *arabar nor does it, for that reason, 
sake any great demands on our intelictual powers, Weare 
al bronght up to it, our daily leis lrgely inSuenced by i, 
fd onr lsgung= as litle diculty in ging expression tei 
‘All these reasons enable us fo understand the powerkul con- 
servative properties of the mechanical view of xature. To 
‘eanscend fach a scheme of thought requires persists! smental 
fort asd a prolonged self-discipline in“ phlowophie doubt’ 
{To understand both the succes and he Limitations of the 
‘isting scheme, to criticne st sympattericallyand inteligentiy 

extremely dificult. It i easy enough to brush it aide a4 
batract" and 0 to conchade that it ix of 10 theoretical 
importanee. It i much more dificalt (o understand. how 

an be true as well as abetract. Bt the student of scence 
is given no inaruction ix these matters and the investigator ia 
too busy asa rule to attend to them, eve it he has the requisite 
inclination and bility. 

‘Now turn to the sobjective factory invaived in his astie 
thes, First, there can be Bite doubt that in its dogmatic 
‘otologica frm this antitheais ix expressive ol two peofaundly 
stntagotintic paychologial types, and where such posites 
‘are Soacknowtedged and aot allowed for there can be 10 
ponsibility of « resolution of the coallct. But the introvert 
{not always a vitalat” He may take refuge in the view that 
‘he mechanistic standpoint, being a ‘mere abstraction’, 
though ecemary for'the purmait of science, need not be 
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taben srously in uny ontological sense and can be comptaly 
lgnored from the poist of view of palowphy and religion 
‘Next we ave seen how very largely tsple diversity of Sater 
{a responsible for thir anttbens fa its intolerant forms. We 
saw how dierectly the problem appeared to tbe phyblologist, 
tha emicyologit, and the cytalogst, and if we include other 
beavcher of Dielbgy in our survey we ball find stl other 
divergences. Thus adberence to 1 pasticalar point of view 
tagy be te renat of woting more than x file fo valine Uhat 
the apparent simplicity a toe problem is simply the osteame 
ot United kxowindge or limited intent. A physiologit 
‘who is primarily interested and armed in the procenes of 
Aigestion and proceeds to qencralne over the whole Geld of 
bology on such a basis very easly comes to Coelusons ia 
‘which his own pretreaces ave a larger share thas the Laws 
‘of nature. ‘Bat this is to mistake what Kant called a 
Webrnchmangsuiel, cg “the vermouth fs nauseous which 
caerely expresses perunal preference, for an Evfabrangrertt 
hich clams 10 be one to wich all en wil subscribe. IL 
‘simply an instance ol the diflerence between the 'Pickeaic”™ 
od the Copernican points of view, and unt people can be 
brought (o understand that science ts concerned to replace 
the former bythe ler as fx a5 possible, we shall continue 
{o be plagued in biology with antitbeses resting fom sub- 
jective influences of this kind. 

‘We have also learnt haw Bite the heuristic and the theot- 
tical points of view are distinguished, except ia the exieme 
form of ealling the one scence and the ciber Fulowphy. 
‘But heuristic succete as tech is no guarantee of truth pelther 
in it any guarantee that a given method will go on being 
reer dtl, Stl hes duet prone 
completnly neplecting the study of other pousives, 
swehave observed that th present probiers a uxealy discussed 
1 Bioratsdmpty om te stand f he vette, 

laws of mature were simply co be picked wp by the 

ton of date. This isin part a consequence of the 
Aivore between the empirical and the theoretical points of 
view which followed the Cartesian dual, This has ot 
been $0. dlastroas in physis on acogant of the mediating 
induence of pure mathematic, but in bclgy at the present 
day there i tle recognition of he weceiy fo the ngorons 
‘Dinking which the we of mathematics beings ané dewands, 
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‘and exseaeatly here iste consonants of what thtoreti- 
‘al Dlology requires Is this respect. Bat when ance {ia 
‘malland that thanght is ceqeixed ta dscriminate between 
Dewistic soccess und trot, when it io understood that we 
<annot expect mathematiinns and philosophers to do all ott 
‘inking for ns. the importance of attending 10" paeiples of 
‘yrtcantization "asa pee-requste of theoretical biology wil 
2 better understood 

"Among other factors which ere responaible for the present 
‘mpacus ta roguzd to this ntithesis may be mentioned various 
vague belies about the necessity of the demands invalved 
{a the mechanitic poaiion for the bare pouty of scence, 
<oupled with the setion that anything else is“ mysterious 
Aad that there i no other altereative, ‘have already podated 
fot that’ those demands were framed in the mechanical 
interest fa. the st place, and thes we wil accordingly, only 
ead to a mechanicad rent. If they are wed blindly and 
fatolerantly we are again only slviog the problem dogmeti- 
‘ally in advance of unpeejedied inquiry. “And with regard 
to the beet that mechaninm isthe only alternative to myst 
clam is only neceseasy to recall the words of J. 8. Mil that 
in sient explanation we only substitate one mystery for 
lanather. The choice is nat between mechanism and eysler), 
bt between one mystery and another Ieis simply u question 
thether the mysteries of physics can satisly the requizementa 
of theoretical Biology, 1.4. the systematisation of biologie) 
Knowledge 

Finaly. as regards the question of the existence of other 
alurnatives in sition 10 those wllered by wialion and 
tusterlisie mechasiam {t mawt be femernbered that 
is" question which say well reqice an extemion of oUF 
{auelectaal horaca Beyead that ofthe Gata of natural since. 
‘When this antithesis i dacaased, expecially by the upbolders 
‘of mechanism and the machine theary, the discomion doesnot 
‘tually rse above, of burow below, the level of naive realm, 
‘or the modieatirn of It which isthe treditiooal atitods of 
Plysica On sock a basis there say well be no alterative, 
Dt what is the we of going on teuatng sach questions fom 
‘ch a stszdpoint ? No one who refects at aD continocs to 
Etcad citber naive realm or the physicat’s altaruative, 
‘But Uf this poution is ubandanad the sale fall foam our eyes 
and a whole pew horizon ie opened sp in which there may be 
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ounce srexplored pomibiition. Thin in the teeth which 
‘De. Haldane stem to hare grasped axd which other phys 
ologists ‘ail to understand ‘and consequently are thereby 
‘prevented from appreciating. They suppose Dv. Haldane ‘0 
Te citing their onethods of investigation whereas fe is 
vitcsing their metaphysical sosumptions which they them 
‘selves are mistaking for naked reality. AL this was diconsed 
Pare I nd med not be entered tpon again in this place, 
But the suggestion is now made that by abandoning malve 
realm and scentife materialism we may be in a better 
Position to eatbrace these features of the oxganinm, namely 
Organization and development (both individual and tucal) 
‘which present guch difficulties for the materatic wiew. And 
‘when F speak here of materialism 1 do not mean a mete- 
physical theory about the relation between mind and matter 
‘bat a theory which believes the physical world of nature to 
consist of little hard Lumps, too szuall to be vise (0 the 
naked eye. pushing each other aboot. tis this theory which 
‘sso diftcule to eceanete with the notions of organization and 
evelopment, and modern developments in physics 
‘There will be no occasion to abandon the of6 point of view 
sa far as investigation is concermed provided it is 20¢ used 
dogmatically. But abandoning them es ultimate theoretical 
Interpretations of the nature of the world of sense will enable 
1 to make an honest aftempt to look at biological facts more 
concretely. ancncumbered by traditional theories, Tk will 
involve patting oar pride in our pockets, acquiring the dificult 
viiue of intellectual humility and the equally difficult er of 
{aking an unusual resolate eflert ro think clear”. What 
in wanted is more co-operation and leas competition between 
rival theories. The motion that one theory exdudes another 
tad i to be ured, tec, 8 8 coment to be 
ries feom our desire to regard out work as con- 
Clive and exdanative ot wea there 9 know BUC tbe 
simple conshderation already’ urged that one tyster of abtracy 
tiene cannot posi fram the mature of the case be exhaustive 
‘will show us how mlataken such an atbitode is” We pat the 
emphasis on the wrong place when we take our ambitions 
courtructive schemes too seriously as» foundation (o which 
‘everything ranst confor, when in truth they aze only super- 
structures always liable to revision when increasing knowledge 
demands it. in biology our constructive theories have in 


we momsxs oF motecisl wwomsnan 
ny ces ad mine nyo ee ind 
BMS sate Raa es 
Fenelon erect 
Soe bal ad etter heey meio 
Set sel et wes at chy ed ttn 
Eat hr wees nek a ane ons 
tea hr or lg i Sree ont 
serps chia eats he tee 
Siete weer But rie of 
Peet crs 

on eat es tt ea 

alias Seess 

tis Se 


* Seance and the Madera Wri, 9.83. 





CHAPTER VI 
‘Tun Tanoer oF Bococicas RxeAMarion 
A. General 


‘We sball now leave these traditions) controversies and. try 
to consider the aatuze of explanation in geveral, and trom 
‘his, potting on one side as far as porsible our ordinary bio- 
Joical prepossessions. it will perbape be posible to abtain 
a braher view of the kinds of explanation which would appear 
to be required for the systematiztion of belogical knowledge 
‘Apart from all more general ar metaphysical questions the 
sim cf explanation is fo make clear the obscure, to render 
eligible the unintelligible. What is experienced and 
demands explanation is obscure froxs compioxty oF fom 
‘Shsence of rltion fo anything doe. The process af explana 
jan wil consist, therefore, ether iz exhibiting the relation of 
‘what i to be explained to something else, of in diminishing 
‘ts complexity by analysing it. Thus the methods of ex 
planation involved in. 2 science will depend pon (2) the 
entities (0 be explained ; {2) the ways in which they can be 
Analysed ; (3) the selations holding between the entities to be 
‘cupltined and other entity of tbe same or of other kind ; 
{41 Felton olding between teenie ito which wha 
bo be explained is analysable, 
Accordingly there appear to be two primary modes of 
polann ) epmton by amy. a  espasalon 
tits doubtal ebetbes it i pousble to speak 
Ole rly amen crplacetin, and tn ow etal oe 
Ccdure of science both mocks are always operative. Disease 
‘was unintelligible until Pasteur showed its relation to the 
(Geena phomomena of parasitica by Aacovering parasites by 
‘heacs of microscopical analyes. Drears were urlateligible 
‘until Fread abowod how the content and stroctare of a given 
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‘drmam could be related to the past mestal history of the 
dreamer 1s revealed by 4 paychological analysis Even in 
‘the earlier days of chemistry when the procedure was purely 
analytical Giere was more han rare analyais involved 1a 
‘explanation, because the merit of the procedure rested not 
‘only on the rerult of the analysis but in the (act there 
revered that there was 2 Limited number of elements wi 
entered into diverse otherwise tncelated bodies, Thus an 
ding feature was dicavered by analis which could 

be generalized by means of the concept of composition. A 
‘henry of explanation, then. should have socaething to say 
bout modes of analysis and abeat the nature of relations, 
‘and relabonsl properties of various kinds. 

Now since the primary data of oatural xience are the 
‘entitles perenived by means of sense these catities wil include 
‘whatever is spatio-temporally extended and ig therelore 
fnalysable into spatio-tempocal pacts. But what i thus 
spatio temporally extended is also qualitatively characterized. 
‘Pus the Primary object of biological study—the Living 
‘organisms analysabie inte spatial pares which are character- 
ised in various wayr—eg. in the varions ways which are 
recoguized as ‘characters in genetics. But there ate many 
diverse modes of analysis. First there is what we may calt 
‘Peteepiual anciyic. When the geneticat analyses an organism 
foto various characters he does wot iterally lake it to picoet, 
he discriminates characters init, usually by visual analysis, 
. coat colour, and proceads to investigate their mutual 
(Sroetic relations as revealed ia sucoesive generations 43 = 
‘eault of various croasea. He may speak of this procedure as 
enetical analysis, of a certain limited part of the race of 
‘fyanlams in question. Next we have manual onolysis 

ielding the eatities revealed by anatomy. This is analyse 
‘Of the organism into spatial parts coosidered as percepts! 
objects, Ik gives us organs, tssoes, cells, and celhparts as 
‘spatial parts ia various spatial relations. 10 its extension 
Dy the use of the microscope it is largely based oo visual 
experience although the use of the micro-ditwector anabla ms 
to add tactual experience with a great increase in knowledge. 
Phyniolagical analysis (arnsbes again azother quite dillerent 
type. ‘does not consider the onganicm in abetrec- 
tion frocs time bat studies the mutual relations of the paris 
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‘of auutaally dependent proceasen. Finally chemical anatsit 
Yinkis para in the cestion of Caemical corspeition, and it 
‘this anaiynis is pushed far enoagh it reveals eatitics which 
sre discoverable also in the inorganic world, Thus these five 
‘ethods of analysis yield very diferest results and a very 
Ide reflexion will show that the eelatioas between them are 
‘by aa means s0 eweely simple and obvious as ix comsonly 
Dalieved to be the came 

Tt is evident that explanation simply by analysis and 
comparison with other entities similarly’ analysed will not 
{aon ws very far, nod how far it wil take ws will depeod on 
‘the degree of organization of that which Jn to be explained. 
Tn chematry an analysis into condsuewis i xed propoutions 
has to be supplemented in organic chemistry by the adaional 
fotion of chemical staclure in order 10 deal with stereo 
lsoweriam, Le the baze notin of composition was not enough 
Ji proportion as az entity has heterogeneous parts, and io 
‘Proportion as thom parts are so related as to exhibit deter- 
‘inate npati-temporal structure fost xo will purely analytical 
interpetatioa be ioadequate and requite supplementation 
Now the manial analysis of orgasiams shows thems to be 
atities of thia kiad. They have a great divenity of parts 
Which are analyaable into’ waller parts, thoe upain inte 
sumaller parts and so on. But the parts of enc level have 
Perlectly determinate reatiocs to One another. expresdv® 
(Of an elaborate organisation.  Bologica! explanations, there= 
fore, will 90 far as they coscers the organism io abstraction 
from ite enviroament, alwaye iavolve far more than simple 
‘unlyais bot wil have to deal with the complex relations 
Detween the various relate revealed by the analysis Thus 
© theory of biological explasation requires a preliminary 
Sc of what wer to aderstand by erganaton. a uetion 
hich ceiouly snowgh is are decueed io biog 





So tar we have been considering what appears to be involved 
in the proces of explanation of = perticalar given eotity but 
‘without reference to asy existing body of lmewiedge. From 
‘he atundpoint of any science, however, there will of comm 
‘vaya bean arieting body of knowledge containing geoeralion- 
toms, andthe outoonme of our analyas of a partcaiar entity 
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sway be to show that its an insteoce of ax already town 
teraction.” But the degre of Gevelopesent of the acienoe 
iE questi may be soch tbat contains very few qencraion 
ions, andthe particular eality. presented tor explanation 
toay not be exbraced by any of them. Or the science ewmy 
contain a great many wnreated groerliatons, Such 2 
‘lence would be’ an’ ayetemationd boty of knowledge 
seqaring improvemeet in ciaay dictions tnd at dierent 
levels of generality. Theo wovld be the sereadty for ds- 
covering Lions to embrace those farts whch sould 
‘at be actorsodated by the existing ones, and there weld 
fap be required xn investigetion of ering generalizations 
‘thn view to Gacovering their mntealpetations ond ponile 
‘duction ix number. Now generalizations signify the die 
tata biaey Crany pees eel ares 
in bllogy a great ae easly 
5d the iy ‘s ‘them and zeite them to 
‘other ‘in perc r dover mrs of 
wrakang te diterat Kinds of sheer pereno 
eatead of begiting withthe data ofa particular wince aad 
tying to dacover means of generalization appeopriate to dex) 
‘with them we can borrow generalizations already established 
Ih another scieace. "This bas two advantage fest, 1 ses 
‘heat labour, and secondly Ke appenis to. the iiellectual 
Serre fr ataising the vtmot generality. by offering the hope 
‘of ahoing that all he enttes fering the date of particolar 
science may be represented az spel ieatances ofthe genera- 
tations of some olber science, Both these processes Dave 
bono going am in Biolry. "We ave dicovered means of 
‘making bclogial generatations and we have also discovered 
Iieans’ of extending, generalizations arrowed trom ether 
‘eiences—pyis, chemistry and sociology. But in nition 
to all thew grncraizations, some canted 0-4 particsler 
‘lence nc otbere extending ove to of tote acientct, here 
ire tome extremely wide genera! Dotions common to all the 
‘satura sences and constituting Kind of melaphysic of 
ature, namely the taditonal materialiom in the vense 
Cpe the st “chapter (aya conga 
‘coming explanation fom the Handpeict ota ven eclense 
tre cma Beatin mind this veut extiognystera hovering 0 the 
Teckground, and we can etter tase it for granted tnd condvet 
or Giocumion with ths beckgromd an an ectoowialged 
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Dasis, or we can try as far as possible to maintain a cited 
Aude towers and approach he dat of or sien 
49 empisieal fashion in order €> sce them in a (coh light. 
‘The latter alternative {athe one I ahall ry to adopt altbough 
{tle not an easy one to ollow cousstently 
Before we ca turn to the stady ofthe important question 
2 rgitaton beso ter pin re we on 
Samething should fist be aaid bere about. the 
fant importa of soos iyi ent ot 
theocgusim. ‘These appear to bea allows: (3) the relations 
holding between the organic and ite exviconment (3) the 
talations hoking between an ocganita: and other organisms, 
And thew fall nto to groupe: either (a) when ove organiom 
is genetically seated to anotbes. or (2) when one organi 
constitutes part of the enviconment of another: Q) the 
Felatons holding between one pat of an organiam and another 
part ofthe same organism considered in abstraction fom the 
Feat; (4) the relations hoiding beoween the organism a8 
‘whole and a given part. It should be pouite to state the 
<Ssentials of biskogtal knowlnige with reference fo such 
Sebeme of fandarental relations and the sea'a which are 
found to stand in them, without any theory abot What 1 
‘ongasiam “is” just 2s it ie posible to state the results of 
Physics without any metaphysical they about what matter’ 
{bor what” energy “ss. This would be’ pure” biology. And 
the traditional subdivisions ofthe scence have in fact Sllowed 
oughly some ‘ick schene, But the presentation of the 
subject as sulleced from the existent of the traditional 
iological antitese, and fom being too sac wnfnoed by 
the outlook of the particular author. If such a pretation 
1 the above could be combined wich a that is bet on the 
ilical side of the various (rndtional views we should be 
‘och better able to assess the prove status ofthe taditanal 
emer hriny and woe wat concep eve Feud 
foe the of farther 
Now we ould te in etying tad exvsing thee vasout 
rrlations that some were of & Kind which bold also betwen 
‘ther eatitins en cogil ones. But we should ala find 
(hat some, although of universal cccareaor amoug blaiogial 
‘titles, do aot Bold between the objects of the ioanimate 
‘world. For example, there aze tome objects (which may 
‘amalves be orgasisas) which stand in the relation of 
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* nerving a8 Sood for” to oxgmniaes, and we find an analogy 
to this to some machines, Als every organism stands i the 
elation of "descendent of” to other ergeniams. Agu, ane 
‘erganise may stand in the relation of “mate of” ta another 
organism. We do not appear to fod any anshegy to this 
ssmoog muchines, Bot thew are characteristic. biclogical 
‘relations, and if we are in (oo great a Burry to umimilate our 
knowledge af crpanims to the reat of our knowledge of natere 
‘we aball be in anger of overlooking them.” Moreover this 
danger is increased by the fact that sorae of these relations 
‘are familar in everyday Life, axd familiarity always tends to 





this notion « litle, expecially ia view of the way in which it 
in apt to be loovely used and so confused with other notians. 
The cmt poets co be considered can bent be conveyed 
‘by means of 
‘whisled away 





uite enable to communicate his experiences, I these have 





ifthe latter ia to understand. If Tsay mow is white to a 
mas barn Hind J eanvey 20 information because white haa 
‘no meaning foe him. Consequantly all propositions of 
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science will be amsertions sbout some axpect of ite rabject 
‘matter in terms of something ese in che experience of the 
bearer if they are to be understood. If T say organises are 


‘ave had experence of machines and purposes. Accondlngly 
Inveligibiley is telaiwe to the amoumt or vatcty of the 
experience of the person to whown the inlacenation is conveyed. 
Ih the words of Mr. Bertrand. Rass: " Every proposition 
shih we can undestand ant be compomed whaly of cot 
Ahituanta with whlch we ace acquainted’* 

‘Now intelligihlity rary has noting co do with the tuth, 
‘Ax sutton may be completely ineligible in the above 
dense but it need not Sor that reason be trut. ADd A jro- 
Yraltion may be troe and yet, (0 « given hearer, quite un- 
Ibteligible. But the term “uniatelignble "isnot intrequenty 
wed when what appears to be meant is “incrediie. Thon 
the assertion that the moon ts made of cheese le pertectly 
ineligible to anyone acquit with the tems" mon” and 
‘cheese und withthe notion of “making All that is 
‘meant in 2 case ofthis kind i Ut the proposition i conteae 
ate by he rs of te ares knowlege ad accor 
fails to generate beet; bot it it were uninteigible 
strict senge it would not be contradicted. To a edi might 
tbe both faveligie and credible because be might have 0 
colber belets about the heavenly bodies with which tt woukl 
confit. 

‘Then over and above being acqutinted withthe constituents 
of proposicin there is a “secing the connexion "betwen 
‘hem Le. apprehending wat in asserted by the propaitcn, 
and this process of apprehension of what is aserted depends 
Partly on the degree to which we analyse the proposition 
‘Thus mow i white seus to be perfectly inteigite, credible, 
and in some sense trun. Its peiecty snteigibe to somnmos- 
feose thought because common sent never troubles ise 
stout the precise meanings of soow ot while or about the 
aatare of predation. Bul as soon as we do undertake sch 
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salyta the precise meaning of tis propasition—what exactly 
it asertsis by ao means so obvious. That, then, is what 
Tam refering to when say that the intligibility of a pro- 
positon depends not only open acquaintance with is ter 
fod the apprebenaion of wat as a mhole it asserts but no 
on the degree to which itis analysed. 

'But' stow is white ix proposition expressive ofa judgment 
of peronpion, whic iv also the case with many anatomical 
Proposition, Some of our ological Knowledge, however, 
is expres in terms of entities which ate aot pevceptial 
bjecta but are pure concepts not representable in imagination, 
‘This brings x back to a question which has already been 
bscomed io the Introduction and in Part 1!” We noted that 
if we pursue the analysis of a oatual emily a stage is soon 
reached beyond which mantal and microvopical analysia 
cannot be continved. and recgurae is then made to imper- 
eptible entices All that need be added here are oom 
farther remazks on the conditions governing the postlation 
of such entities. It is S:at important to bear sm mind that 
‘ince such imperceptible entities are invoked to. explain 
saraetbing which ss perceived they cannot be logically price 
to the latter. They are therclote hypothetical and nothing 
‘an be aseried about them beyoud what is required for the 
‘purpose ts view—the explanation of the observed phenomena, 
2nd that means bringing the latter into some relation with 
‘other observed phenomens. If any such asersions ae male 
they eangot be called scentibe unless they are of sich a 
ruatace as will admi of testing By & further appeal to per- 
‘zption. Moreover no such asertiocs can be made which re 
sm contradiction to well ascertained facts in the same segian 
‘of observation. If noch bypothetical entities are alrendy 
pope ad wel entased i ve cece thet aplicn 
(Gon t0 another sphere rust not confict with their older 
frie ealdanel ps mina ev pad tee wer 
thal te latter isa tinevident that the above conditions 
impove certain limita to our making cotological assertions 
‘boot these bypothaticn entities n aden tothe limitations 
Imposed by the tact that they are hypothetical, “Try abou 
only be treatnd in conceptual terms became, us T have already 
pointed out, by thinking of them in terms of images we ny 


RS emmpilt: Meveates of le aie pr baw, pe se. 
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{all into the ecoc of ascribing properties ot qualities to them 
‘which confit with the principles tentined above. We aly 
{ixaw rach entities ' by description not by " sequaintance” 
and cosequently the abject of any proposition about them 
srill be a definition or description Sounded pom the data with 
‘Which we are neqsainted and which were iavoived in theit 
fist peatulation ! Accordingly their inteligibity also will 
Fest Spon their Grit defining description. 

‘With the abd of such concepts we hope (o achieve geoerat- 
jaationa and their value from this point of view depends on 
their high degree of abstractoem not pon any spurious 
intligitity they may pomes in vite of teic being pitas’ 
able in the imagination Bot there i a powertn) tendency 
16 forget their conceptual nature and to (cent such entities a 
“ore real” or ' moce fundamental’ than what i given in 
perception. This ely leads to all manner of errare. A good 
cxample of this tendency ia satural science is oven {nthe 
following passage trom Buckley's Mistry of Phys, p. 242 
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“Maderstueding tay be dear te” 1tss vary yt co be possmure 
‘Sh the problem for me may bop tat ur atte way yay 
1 tepolrad by further daceveia Be Oat a tay Ge fone 
(eee wat of the Bape 


This pasa i etremey intreting in corexio with oot 
freen tpl. it ilstrtes the attede of physcas inthe 
Lert tbe breakdown ofthe traditinal ype of explasation 
means ofa deted picture sn spe ac it wiih hak 
gown to familiar and has been 30 successful as to be regarded 
SR Git per ns std 0 

Soe Bertrand 335 ot intro. 
ee Pa peters bs Bas Medan 28 
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escription . There ssums to be « failare to undaretand tho 
al nature of auch explanations, namely the mathemati! 
art and the“ picturahle “oc imagiouble pert. So long as both 
ie premeat the theary is regarded as ax expimnation, but if the 
‘pcturablenoes is absent itis considered to be a were descrip~ 
or. Then the warding of the above pasage suggests that 
‘the atom is something pir in fmowledge and "moore funda 
‘mental than the perceived molar properties of things which 
‘twas originaDy intended to explain. But io both cases what 
the atom Is 10 explain and what the Quantum Theory is to 
‘npluin is some pereived occurrence. Uf the ater gives us 
complete understanding '—which may be doubted~why, 
‘considering their epistemological footing, should not the 
‘Quantum Theory in its own sphere give ws an underatanding 
jast as complete? The sitaation would appear to be one for 
‘oagratulation rather than pessimiar: becouse it gives phy- 
sels x new fed to explore demanding, new concepts, and this 
‘does not at all detract from the dignity of the old ones. All 
that is meant by understanding ix the above passage is wnder- 
Sanding a the okt tamibar terms And thaw physics 
‘Oppate new cancepts which are not reducible t0 the ol 
‘eens to be in mach the same postion as those biologists who 
iit cn ejecting Bgl ences which cannot e reduced 
‘other scien. 


"The properties of matter in ball oy which fs meant the 
peveeptual objects from which physics and chemistry start) 
‘are explained by the properties of the atam in the sense that 
they “lollow {com* the latter. But the former properties 
‘caine fiat in kmawledge and the latter have been postulated 
to explain the former’ We ocly discover the ’ properties of 
the atom by searching for what they ought to be in order to 
‘explain, in the above sense, the pereeplible ones of ' matter 
in bulk’. Now this procedure involves the sssamption that 
fan‘ matter "is subdivided the increasingly smaller and arzallet 
[ticles are gaverned by the sama laws as the graaer visible 
‘anes. This vaftors for the Kinetic theory of gases, But 
chemical theary requis that when & certaix mage is reached 
farther exbsivision vies entities with quite different proper- 
ties, But the phyaiciste continue to treat these further 
[particles in the same way, and there oea act seem to be any 
‘ctasion for varprise if cifcaities should sow begin to minke 
‘hele appearance. As I have sheady tried to explain, the 
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‘trouble arisen ont of the fact chat the possibility of wing the 
fmgination 4 the stage Bow reached, but the 
‘athanatical treatment which bas been doing the veal work. 
‘of generalization all along is still poste ia the Quantum 
‘Thoocy and the physicist Ras to accustom himmlf to a purely 
coaceptaal axplasation.? 


‘This beings ms to a task which has been deterred from a 
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‘This view is, 1 think, toe, and itis pomible to sobacibe to 
the above passage without in the least subscribing also to the 
typi pragmatut’s altitude to science, The chief pittall 
‘0 be avoided here is the ambiguity of the word "is". | Whea 
‘we say ' water is u tolvent of sagas "or “ water is w slaker of 
thirst” we mean that these are amoog the properties of water. 
‘We do not mean that water is identical with any of these 
‘wopertin. But when we say “water is HOH " we ave thea 
‘apt Co think that ‘is bere means ‘identical with and this 
4S the belief against which James is protesting, amd T think 
Quite rightly. The situation is not 10 sizple ab tht, and in 
‘order to understand it we require to Bear in mind our previous 
‘aralysis of the antion of property and to understand the 
nature of abstraction. 

‘When we say * water is H-O-H "we oedinasly think of this 
ts expreaiog the composition of water, and we think of the 
‘properties as being in same way dependeat upoc. and, it only 
‘we knew how, deducitie from, this composition. But we 
oem the propertin long Before we Sew the coapaiton, 


‘ ane 
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We reached our knowledge of the iatter by exploring ony 
‘more of the properties of water than are encoanteted ia daily 
Tile. es solvent power aod ite ability to slake thimt did not 
Ieed to this notion of componitian The fact which does lead 
to this notion is the fac thal under certain circumstances water 
‘ceases to be reeoguizable as water. It is then jaterpreted ax 
Ihaving been decomposed into two entities peither of which ix 
‘water, For, when water is boiled and the steam in payed 
‘over red-hot iron Slings, what imues from the tube i no longer 
steam, and what remaing in the tube is no longer iron. But 
bby eating what is left in various ways iron can be obtained 
again, and something else besides, and if thi latter something 
{s mized with what ised fram the tube and « spark is passed 
‘Ouough the mixture water ance more appears. This then i 
‘ypical of the kind of data which led originally to the notion 
‘of composition. Now clearly this perceptible disappearance 
cof water in the presence of hot iton it as mach a property of 
water as ite ability 10 slake thirst or to dissolve sugar, and there 
Seems to be no just reason why we choukd not speak ofits 
‘appearance when oxygen and hydrogen disappear at the 
passage of a spark as also 2 property of water. These are 
properties of a peculiar sort in as moch at they invelve an 
abrupt change in the characters of what is characterized. We 
saw in Part I (p. 178) that to say that a certain thing of this 
kind has a certain property involves : (2) that it is known to 
belong toa certain class of things; and (2} that when it comes 
into certain definite relations to certain other things it, or the 








toro ditrent things make ther sppearance. But one property 
‘Teasing constant throwghast, namely weight, comequently 
{he water is thoaght of as baving these two things packed up 
ln iv in ome way which conceals ther, and as being pulled 
to 





‘heat advantages the quantitative expect of the fully developed 
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‘atoraic theory, and remember farther thot the reactions 
‘mentioned do not stand ia isolation but form: only « small 
‘part—a few Lines and podes—of a vast web of observable and, 
‘by means of the theory predictable, changes which extends 
ceven to the sary, we ace how Gifhcalt itis to excape from the 
Deliet that water is H-O-E and that this expreses ita “real 
femenca in an absolute sense, and that it is becewse of this 
that it has such and such properties. Moreover it auay be 
lunged that if we knew more aboot oxygen and hydrogen 6 
‘hguhd be able to dedoce all their properties on combination 
‘not only the “chemical” properties of water, but the thiret 
‘quenching and dissolving properties as well. But is there aot 
‘ormething circular about this argument ? What came Bret, 
‘what we realy and indubitably Anow aboxd water are its vations 
properties, i. the persistences it manifests amid the @ux of 
‘eventa, What came second and was inferred was the hypo- 
(hetical formula for its composition. And this is really a mode 
‘of generlizing certain of these cberved persistences, those 
rarsely for which i€ was originally devised and are distine 
(guished as chemical. And the formula being thus devised 
to explain auch propertic, ie. to relate one occurtence with 
‘another, can we ay that the peopertics are deducible foes and 
Gependent upon this composition without being guilty of a 
[eitio princspis ? Let ux pat the argument into & symbolic 
form, ging back to the case ot the water and iron: 
(cin-presenes-of-B) yieide X and Y, bat Y under certain 
conditions yields (B and Z), and (Z-in-presenceof-X) under 
‘certain conditions becomes A bence A is regarded as (X and 


a, 

‘Hore A stands for water, B for red-hot Bling, X for hydro- 
unmn, ¥ for the oxide of iroa formed, and Z for oxygen. Now 
‘the value of this whole procedure does not lie simply ia Is 
cexpretting in a condensed form some ofthe properties of water, 
‘but, as already said, in the way in which it cocupies a deter 
rinate position in a wide scheme of generalizations, as is 
xpeemed, for example, in the notion of exide. Tis notion, 
lisks water in aur scientic uhovet to a hott of other entities 
‘which all exhibit a certain type of change i relation to oxyge8. 
Bat this does not alter the fact that this scheme only subsumes 
[properties of certain restricted types. and therefore does ot 
‘embrace the solvent and thist quenching propertis of water 
‘or its remarkable behevioar neaz the feesing point. Thea 
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‘are only dealt with by ather schemes of geoeraiation It is 
0 easy to forget that in our expeciment with the iron we have 
ett out of astount any (eatura—eg. the heat—which we 
have simply treated as conditions requisite foe. bringing 
‘certain changes about, because we have meanwhile been. coa- 
‘ontrating on those changes and constituents of the situation 
‘which are exibeaced by the concept of composition. Con- 
sequently it i easy lo forget how abstract we are being. Tn 
predicating properties of watas we think of them as inhering* 
G2 the water, fe. as ‘potentialities standing to some yub- 
stance in « simple two-termed celation, whereas the truth 
{a chat the properties on any given occarcence of their mani: 
Sestation are actually properties of all the constitoents in- 
valved and not merely of that which is known as the water, 
‘and the latter is only one terrain a mazy-termed relation. 
Consider, for exarople, » crystal dissolving in water: from the 
"wandpoint ' of the crystal solubibty in water ia one of its 

‘whilst frum the standpoint of the water the ‘power 
to dissolve" the crystal is one of ws properties. Now the 
molecular formula of water is 4 coocise way of siting those 
‘of the properties of water which are especially related tn the 
fact that Under certain cixcumstances that which is known 
fe water exhibits the abropt type of change which we call 
chemical decomposition, and in which other entitien (90 
regarded because Mey have diferent properties) make their 
appearance. Those of the properten of water which are tot 
‘exprentble in this way are cmbraoed by the modes of generali- 
‘ation of physica, physical chemuatry of other science, of 
they may De fue’ the present iereducible brute facts which 
‘it into no scheme. [1 in the beliet that the poiot of view 
of ooe science isin some sense ° deeper" or truce’ er 'neayer 
to reality * than another that James seems to be protesting 
againat in the pasage quoted. But what is actually meant 
by these expressions is that diflerest sciences difir in theit 
degree of generality and this, as & rule, isin proportion to 
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tp a plece of chalk on the Downs and having given it to a 
cduamist sak hiza what it He wil ay iti moedy calcio, 
carbonate with certain “impurities”. The notion of 
“impurities "fs highly characteristic of the chemical stand- 
point. The chemist works with an ideal in mind called a 
FOkemically pore substance,” and anything which may be 
left over is pot into the category of ‘paris’. Similarly 
‘he physicist works with an ideal mathematical law and any 
deviations ftom this are called “erro”. But now or ump 
‘of chalk "isa great deal more than calcium carbonate with 
impurities, and to lear about this‘ mate * we have to amsult, 
‘ot a chezriat, but & geologist and 2 biologist. This further 

‘undiseoverable by the methods of chem 
inexpresible in terms of its concepts, If 
cheanists hal not neglected such aspects of chalk, et. there 
would have been ne chemistry, and fis fallure to take account 
of them redects no disredic upon it, Chernstry must fori 
porpanes leave a great dea! ost of account, but that it wot to 
Say that what islet oat is of no importance or is oot" real”, 
[Neither doce there seem (0 be any’ eason whatever for re. 
farting what the ches ast ay any more sce 
than what the geologis or the biologist may tell us. Never- 
Aheleat these considerations. sraple and obvious a they sect 
{o be, appear to be very commonly forgotten when Ove re 
lation of chemistry Lo Dilogy under dicussion, just 28, 
in dealing with the chalk, the chemist has to abstract from 
‘my tterminate organization it may poucas above tbe 
chemical level i just the same way he mast, in dealing with 
‘the living organism, abstract froc: any: ergarization it may 
possess above the chemical level. The biacheist dala 
‘with abstract entities above the inorranic Jevel but below 
‘he biological level. He deals with molecules which are 
(hemielver absiracions even on the inorganic level, and. the 
‘onganism is nevee simply a mature of molecules, but these 
ae constituents relatively low éowa in & complex hicrarchy 
of organized parts, eg. chromosomes, Gaigi bodies, etc, 
‘which are characteristic of the species, Le. capable of pet: 
sisting in time, just as inorganic molecules af lower levels 
ze capable of peristing. tut the molecales with which 
‘the biochemist deals do Rot exist at al “in nature’. “They 
‘re tlvays either constituents of a binlogial hierarchy ot 
they ary “astitcts' je. made by buman beings, Now jost 
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‘as molecules (even if we take thezs quite natvely) have diferent 
‘properties from their atoms, so do the organized parts of the 
‘rganiam which are sel{-propagating have characteristic 
properties which can only be discovered by studying pach 
constituent, 





hemaelves incapable of independent existence but are sub- 
ordinate parts of a larger organic whole. From the point 
of view of "independent existence" there it a great and real 
(gp between the inorganic und biological realms. This is 
farther shown by the absence of ablogenenis. The cor 
‘unuation of given biological blerarcy is wholly dependent on 
the preservation of its characterise organization, and i 
‘appears to be this organization which 1s invalved in the 
synthesis of inotyanie entities into biological parts. That 
the chemical method 40 long as it ¢+ chesnical in the strict 
sense does not deal with the levels of the hierarchy to which 
the peedicate ‘living’ is usually attached. It has created a 
‘new science—biochersistry—which is not inorganic became 
it deals with things not found * wild‘ in the inorganic worl, 
‘and not biological because these things only occer in the living 
body as noo-living parte organized in a particular way. Tt thus 
deals with an abstract realm between the inorganic orld 
land the living organism, and only if what is thin abstract 
in mistaken for cancretesess will this point of view lead to 
fallacies. Now & ake it tbat whan Dr. Haldane did in his 
study of respiration was to try to investigate the abstract 
chemical aspeets of the process as they occur embedded in 
their relations to the rest of the organise, and, according 
to his own account, his succes latgely depended on this 
‘aint of view being borne in mind This exzmination of the 
‘elation of chemical notions to biology has already brought us 
‘once more to the concept of organization which mast now 
receive a moce detailed and independent ansiyais, 








B. Orgenisation, 
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Anyone Professor E. B. Wilson's great book on the 
fread gclongeghen foie lig whnd 
‘author, whenever be reaches « point at which, a5 be says, 
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“ering marine elation tr edie” de 
with some observed cytological fact, falls back on the concept 
ot ‘ organization '.'' Bat he never discusses what precisely 
is meant by this expression in spite of the fact that be appears 
Sasa ral peer psi bet age ar" 
‘unable to define precisely the meaning of this vague term ’ 
Gores Seaiiy Sing nh Ince Be 
Principles of Huraan Phyweslogy (p. 7, edit. xg12} writes 
et vn, of it eeni 
Riese se career 
Si ee 
Be be Uke ion, cagh aprenty sein at 
tng i et ingot, Sy tek aly 
Stir ahee way an ae atone wh 
Seu of yy ino Be gtd rg 
Seer a ng icing no lt ae 
tas ay mig ta ere he 9 ach 
Indes nd undo avon ston sage Foes 
fo wich the tape coc ay end Sone 
solani hs in uy be xed 
fom it Taowng punge wh wer ght 
Saha Sal aetna 
“Te ef eer te i atc 
soccer toe Si 
Suet eee a mec mre 


‘ie bags sare tarsus tan, however Sone 
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Prof. Wilsan evidently thinks of this organization as being 
involved in structure as ordinarily understocd, and on p. 635 
he speaks of the “structure of the chemical machine | He 
‘also quotes a number of other authors who have emphasized 
the importance of organization : 
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Decks {961} "We sant tora scr ta Hing aly Dead 
a aatcaae suuetere of the ane compeunt Cat they 





eof the eltimate paris of the organi Us of greater 
Sor Lo ae 
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‘AD this represents a clear recognition that organization aboor 
‘he chemical level is of great importance in biology. and. yat 
+ in several parts of his Book Prof. Wilson seems 10 lose eight 





‘This of course is somewhat vague and might be sa interpeeted 
5s not t9 imply 2 contradiction. In another place fr says 


Wt ie ony sini babit of thecght to zepnrd be operation 
i ty ead tet temas ey Oy ne pea 
‘compas 


‘An inteligeot outsider, reading these pastages, would, 
1 think, be astonished 10 find biologist disputing in this 
‘way about organizalion-—to nd hem speaking of tv having 
10 be "postulated. ‘soured ascribed 
fe, Is not dhe fst fck which strikes us abwal organisms 7 
1s ic oot a bare anaiyiteal Jodgroent (in dhe Kantian nae) 
fo say that organisms are organized ? 1» not organization 
the very back-!cae of the concept ccgasixm ? And yet here 
are learned men telling ws that we bave to eutume that the 
‘mode of artangement of the parts of gasiims in of greater 
importance then the chemical nator of these parts, thet we 
surat svcrite to living cll a structure beyond the molecular 
rrocture of the organic campounds waich they coutalo. 
‘And thee, Sally, we are told thet, inspite ofa this, we sna 
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conform to a habit of thooght which assumes that it must 
All be texeeabla to the physleochemical propertics of the 
empanent wibetances into which i a chemially analyanbe, 
How is thig to be reconciod with the former section tat 
the wecamity of wich a * postulate us organization hs not 
‘oan set aside by canorptions of the cell ta colidal pyrtem, 
‘or by modem investigations ia bre chemistry 2 It the concept 
f xpi sof rch erase a appease 

soraething ofa sandal that boogits have nat yet begat, 
tu take i stro bet shoal Rave fo cone that we hae 
0 aaquate cnception of it. The Sst duty of the bolognt 
‘would soem to te to try and eae cer this important core 
‘apt. Some bio-chermsts and physiolgiets who write articles 
{or popular consazption express therectves as Dhaugh they 
realy belived that i they concocted a mite with tbe same 
Chemical cocsponition ab what they call“ protoplaam it 
‘would proceed to" core to le’. Tasia he Lind of nonsense 
‘which Fvuls fom forgetting ox being gnerant of organization, 
bd againat which the aothocs quoted by Prot Wibon wo 
Galy protest Probably the whole diftcuty iy tratable 
to that "seientiée badie of thought "of which Prof. Wikon 
spake. Habits are device: Sor saving Toental labour ot 
Stibstitates for iL All babis we 20! good habits aor must 
‘we mistuke them for laws of nature. The faire to lake of- 
Gisisaton seriously Is perhaps Lut another comequence 
{the Tapid development of phytic and chemistry a comm. 








soy in the pia inom ‘tenn ag One aight 
Alsanst go 40 far as to say that eigen 








arabe ‘thaagr mre unportaet your experieucs, 

Pout moda tthe rea ied al wi on 
ewe are to make uoe of physics in biology Het It at least be 
movie physica and not the warmed ep corpse of Victorian 
speculation. Modern specaltive physics takes ongasisaticn 
‘very seriously in its dealings with the stor, and a good 
cexample of the importance of this notion it Suraished by 
amedern crystallography. It it dear What a. purely chemical 
analytical study of & Gystal is inadequate. To say that & 
‘rystal of copper sulphate consists of CuSO, it 0 explanation 
‘of ha crystaline stracture. Tt bas been neceasary 10, wait 
for a totally diferent method of anaiysin—the iethod of 
Xray analysis, This has shown, Joc’ example, that. the 
‘xyntal-anit of qaar s not molecule bot a system of three 
‘malecules of silicon dioxide arranged in x special fashion 
Iavings certain screw like character. {should expres this by 
saying thatthe crystal has an organisation above the chemical 
Jevel But erynais are but one type of» large cass of entities 
having an organization above the chemical level which neludea 
living organs, machines, and works of art. That is why 
‘nals, machines and works of art ave all bea employed 
from tise ta time as offering anahagics with living organiam. 
‘Thun the machioe theory ofthe organism tut ac 
fn organization above the chemical level and in this spect 
is superior to the “physico-chemical” theory. Two principal 
factors appear to bave been responsible for the fallare 10 
(abe ccpunization seroualy in biology. Fiat there is the 
Vague belief that only stots and sockesica are “real’, and 
tecealy the iscantious use of the aotion of chemical cir 
position. The entities studied by physics and chemistry are 
In sore sense composite and same of thei explanations ae in 
terms of the celata inthis cestion of composition. Also the 
Viclogical entitien are found <0 be composite in the samme 
sense, and moreover, ome of the rests in the relation of 
componition in the physico-chemical objects ate alo celia 
ia the biological objects. Bu the enalgtis of organiome st 
‘arred oot by bialogurts reveals the selata in raatoalvelation 
‘a compodtion i diferent sezse, Le. bot ic chica com> 
Position, eg. the organism is unaiyaable into organ-sytems, 
* Sma ad he Madore Wal, 9-73. 
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organs, tissues, cells and cellparts. Taare is = hierarchy of 
‘ommposing parts or rlata in a hierarchy of organizing relatoor. 
‘These relations und relata can only be studied at their awn 
Jevels (Cf. the quartz crystal) and sot simply in terms of the 
Tower levela since these levels do not coustitute wna! coat. 
‘Now a potent factor in the present dificalty and ooe related 


‘mle we come to look into the questice there does not see 
{fo be any jostifcation for this babel. By thi { mean we 
40 not find any soch stuff in nature in the sense in which we 
find water in natore, This may sound shocking but it seems 
to be the sober truth. Let as try ot to be shocked at the 
sober truth but et os think a little. What we find in nature 
fs dane tom thereof hnowlndge ae divided ving 
‘rgoniman. These are analysabie into x buerarchy of parts. 
‘pe stop form moment at cells. These are sometime unid 
‘to consist of protoplaaro. This is a relic of the early days 
when #€ was rrally believed that a cell was a litle drop of 
‘Romogencous jelly, but there is 90 excuse Lorday for going on 
‘talking a if this were true when everyone knows iC is fale, 
1 by peotoplaum you roran a more of leas homogenous stuel 
in the tange in which 2 lump of putty is 2 more oF less hanso- 
encous stat, is which here is no organization above the 
chemical level, then there cetainly & no such stu to be found 
nature. What we do find io that which is known as « cell 
is, aa Prot, Wilson says, « highly elaborated aystem of pasts 
‘organized in a debnite way. Mocoover a given part €g. te 
socket is Sie pomeued of an elaborate organization, and 
it the chcomoscme theory of ' beredity “has sny truth in it 
each part of each chromosome will have « highly specific 
‘ryanisation. IC we tam to the rest of the cell we shall fare 
1 better. We stil find formed parts ¢. Golgi bodies and 
mitochondria, and as for the vest there seems to be every 
‘easoo to believe, as the authors quoted by Wilson point out, 
(hat this too has « determinate organization above the chemical 
level. But if this is trae we do aot Sad protoplasm in mature. 
‘But thece ia another seune in which the term may be mitd. 
‘A Diochemist may take a quantity of cel and grind them up 
vith tnd io eriar und Be amy apply the term wo the 
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up mam, This is a perlectly lngitimate prooedar, 
ot carly 1 such muss is found as sich in nature either 
‘aild" o ia living organiams. If a barge bomb is dropped. 
‘upon a populous town we might apply the term 'cowneplasn 
te the debeis which remained, bot it would be a litte abound 
‘that towns were compesed of such town-plasm, and 
' sullcient Knowledge of wocd debris It would be 
possible to prin an adequate Isowkedge of the organization 
of towns, Bot it is not more advurd than ts talk: ab people do 


il 


ge 





‘sof the utmost importance and interes, but itis information 
‘confined to the chemical level of organization. Tt would 
be unfair to expect it to transcend those limits for it would 
sot then be chemistry, and it would be absurd to pretend 
‘that it bas no Limits, for every method of abstraction baa 
Limits. Te is in wire af those limits that it 43 a method of 
abstraction and is valeable. AU 2h is, of course, perfectly 
familiar even to the elementary student, bt {1 seme to be 
ssuccesstally forgotten by popalar er polemical writers. 








on copa ia on eaunan fom Ge Tat 
{uit hes ota) wicca te bout raat c bes end tb 
finished. Organisms sre not ‘made’ they do not even 
' develop '—something else develops as we shall se. Orgun- 
lms merely persiat—foc a tise. Fizally, when it is ani that 








‘whieh have many years later to be recanted. The doctrise 
Of preformation and the belief that there are 96 sexes in plants 
‘ue two gaod examples from the seventerath and eighteenth 
‘eentones, 

‘Som references were made to the cel concept im Chapter II. 
(0.358) and itis necessary to enlarge upon these in thes place 
{order to remove some misconceptions which bave survived 
‘rom the cell- theory. Jt was pointed out 2 Chapter If that 
the mistake had bees commonly made of treating the visual 
peroeptmal object in the usual naive realistic mamer as 
fonerete, 16, of confssing it with that which is Jnown. os @ 
call, when in fact, being a perceptual object, {tis already an 
sbsirectum, But the cell concept is of course more abstract 
stila-the term being dened as meaning a mais of cytoplasan 
Containing » nucleus, The word cytoplasm can be understood 
here simply in a topograpaical sense a2 meaning whatever is 
left after the removal of the nucleus. Now there is of course 
‘a auch entity as this to be found in mature. What is Sound 
in extore is a certain recurrent mode of organization amid 
the ux of events, And is to this important fact (bat the 
‘concept gives exprenion. A protosoon, & tetilised 
‘ovwn, an ‘unstriated auscle fibre, aod a epermatosson al 
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‘eehibit this mode of organisation but they are very diferent 
‘ctities and fo confuse them: is disartrous from the stanépoint 
cof theoretical biology. By = cll chevetore I shall understand 
9 ewtain tov of Wohgioal wpniesion not 5 eomerete entity. 
‘A protosnan is a miele organism which i characterized throng: 
‘oat Hs histary by the callrype of organisation. A fertiined 
‘ovum is lenporal part of an erganisan wiih inter is mot chat 
scterised by the cll type of organisation Dreuphoul its history. 
‘An vnatriated muscle fibre is a spat part of an organics 
‘and this partis characteried by dhe cell-lype of organtzaticn, 
‘And te spermatonoon is special part, cbaructerimed by the 
‘ume type of orgaziation, which has been separated ‘Sor the 
‘porposes” of reproduction. It is as we shall see, a serious 
isdemeanour from the standpoint of theoretical biology to 
confuse a part with a whole. A so-called unicellar organism 
‘a learty one in which the whale is characterized by the cell 
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water hanging ffom « pipet aso unit in shis see, which 
‘Smply mesna a" subotauee "in Arisiode’s primary meaning.* 
Bat i the drop falls oto 2 veel of water we could then eal 
speak of the whole mas of Bid a1 4 unt.” But ve coud set 
Up a standard of water-essurement, call it « unit, and Sind 
how many times ths was exraplied in the wisle mass. 
Suppore Chere were found ta be So such units then we ave 


& 


regard each marble as « unit; if we want to determine 
‘pumber of » given calour then exch oce of «given 
wil be the unit and so on. Hence what is called a 
such cases is obviously dependent pon the 
a relation to the complex, and a complete description 
‘would requite a cosibisation of an enermout 
of different points of view. We should also have 
to account the shape of the whole and the mode 
tribution of the diferent marbles. 
Tn what sense, then, i Use cerm unit wsed inthe proposition : 
‘The cell ia the anit of Hie? TE by unit we mean a whole 


i 
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‘mags of sanooth muscle but itis not a unit of the body as 4 
‘whole since there are many different kinds of cella. But the 
‘Proposition may algo saan that what is meant by the concept 
Salle. the call ype of organisation, characterizes the parts 
‘oc certain parts into which the onganisim can be analysed: In 
NOt p. 0 shore, 
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‘in virtue ofthe fact that they are members ofa ving hierarchy 
fom the properties they exhibit io the inorganic world, In 
any case we should remember how sbatract they are in their 
‘own selences and we should be an cur guard against taking 
them too naively and thinking of them is terms of pereeptual 
models, Next we have cellparts onganized in a complex 
‘way. There probably are other levels betwen them and 
the known rooiecales of proteins, ete, but this of course 5s 
more hypothetical. There is a sathciextly complex onganisa- 
tion in the perceptible cell Above the level of the parts 
‘known as cele, Le. characterized by the cell-type of organiza 
thon tre have calalar farts, ic. parte who parts have the 
call-type of organization, and these are diverged in varioné 
‘ways socording to the diflecoces ia the parts having the 
call-type of organization and their mutual xelations. Bat we 
‘have 90 far been thinking chiely of the visual spatial structure 
and there is an urgent necesity for 2 consideration of femoral 
relations fcom the point of view of their importance for bio- 
Tegical organization. Morsover there is that mutual relation 
‘of the paris in virtse of which what beppens in one part may 
‘be dependent wpon what happens in another part. Before 
‘we can discuss organization farther we must consider time 
{im greater detail than we have doce hitherto. 
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‘require certain minimal space to manileat themselves 1a. 
For esample,« piece of call can be cut op into amalir and 
smnallr peas which are atlE plces of calle But cheats 
Televe that Care is minkmum spatial extension beyond 
‘hich we could no longer have pisces of chalk Now ft us 
‘been pointed oat that the sace is tre of the time is which 
tome objects manifest theneaives. To tke an example Kor 
Sperulative physics if ap stom cones of » central nodeps 
‘ith an ection rotating round it and you divide the time 
‘ccupied by its history iolo a shorter period than one rotation 
You dearly have not gives the atom sulicent tive in which 
fo moanitee ell. It ia rot the kid of thing that could 
exist "at an instant. Now the same ie clearly tron of the 
living organiem, in respect botd to space and time, What 
swe call a frog, for example, is evidently quite comparable 
‘Tih the ntom, Considered apart fom is history ox temporal 
Sxtersion it iz an abetraction. You cannot separate 1 in 
Tealty from its history. A frog without w le-hstory 
Inmpraibe ws aie history without a fng. A Jogi pick 
oes section o its history asa Lving organi, and eratomy 
bolony with the time-cimersion omitted. Anatomy studies 
the orguniam in “timeless space. The lollsing passage 
ftom Dr. Broed wil help to emphasise this pot 
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Sania eee 
1 ws the above puuage which at Droogbt home 19 me 
tne reportane of ine in blog, but obviously thos pasages 
se ot very satsactry a2 fey stand on tecount of the 
Aiicltn sending os term“ Cojct". "On the view x 
Pounded in Part} objects are purely imelactal enon 
Urlonging to the ealoso knowdge, They ate wht certain. 
Norte re bnawe as The abject dots not have a history 
tinee itis nontempora, “What we find to hatare are Prt 
ferands of history with their qualitative charclecaaton and 
tmotval rektios, These which have an endoring iode of 
characterization are knowable as objects. It is on account 
fl the nttectal nate of objeto eat hey are moce easly 
thought of than the histories of which they express the en- 
luring ebacacterstic and ts fr this reaon teat we Chak 
aft ets i fe tw ae 
than depriving the Bory of is temporal charscr, 
ject is mont ‘easly dacovered by concentrating on the tame 
tracts ofthe hiory and that is another tesan why we come 
tocol object and evest. Objects do exe inthe eat 
Knowledge and histories (with Ubeir qualities) alone * titerally: 
fxs n ie real of sate, 








There is still a furtber complication. Moders thomght 
requires that space and time should not be separated but 
fumimilated 10 one another, whence arises the cineept of 
the foursdimensional event.» This does not mean as is some- 
isses auppowed that time is ‘a fourth dimension of space* 
bbot sinply that space and time are both derived from a foar- 

‘continuum from which they are abstracted, 
‘An event is a limited “slab of space-time. The Living 
‘organinm is wach an event, and we saw in Part I that the 
peroeptual object we also call the organism is expresive of 
2 Dip gop. Wen tes came reed Prof, Walebaad’s Princ 
‘hel Sa Kao, fad Sabo bd Mt ped te 
Ti heLea 
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extn of the lnowable characteristis f the event which can 
‘be exzmplied in senseexperience. If we conser diferent 
Allces acres the time-dizension of an organiam we Sind that 
fs mode of characterization differs in difvent slices. The 
nature and degree of diference will depend upen (2) the ms. 
interval separating the sss, and (2) what pact of the total 
ddaration of the organism the sices are taker trom. Broadly 
speaking we can distingnsh (im Metasoo} two main (out party 
‘overtapping) periods of the history: an easlier period—the 
Adevelopeseatal petiod, and a later period which we may call the 
" bebaviour ‘period, our shoesare taken duting the develop- 
ssental period they will exhibie greater difference of w certain 
‘nd than i they aze taken during the behaviour period. 
‘Thani the organism soccessve temporal slices are diferent 
‘aid these diferences are serialy ordered, i. not repeated in 
the same individaa} organise. Its very existence a3 ont 
thing depends, as we saw (p. 199) on the continuation of a 
type of serial change. When this ceases ‘life* ceases and 
‘the organism disintegrates into mass of entities of lower 
crganitation. Ths it would seem that the notion of organiaa- 
‘Hon should also excbrace this fact of ineriasic serial change. 
W shoold be noted that i i incorrect to speak of an ovam 
developing into a trog. ft tatemporal part ofthe hislory which 
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the tog, oe wa can cal tthe characte af that history 
short early slices, and the adult isthe character of later aicey 
uring which changes of 2 certain type are lew rapid and 
obvious. Ons fondness for thinking only of the adult ag the 
‘hog is another example of our fondness for uniform objects. 
‘Thus to say that ax organic develops means that itis tean~ 
porully as well a9 spatially differentiated, apd also that the 
temporal diferentiation is seal, irreversitie, or pan-rhythini- 
cal, although spatial paris may extubie rhytiea) changes. 
‘Arid in this process of serial change during the developmental 
Period the statial organization Becomes progressively more 
‘and more elaborate. 


We now have to consider how this elaboration is accom 
plished. It i accomplished by the repaition of the original 
Apatial organization. thie spatial organisation were merely 
repeated in successive lemporat parts we should sizply have 
4 uniform object persisting unchanged. But it is w funda 
mental and romarsabie characteristic of living 
to familiar that we are apt to forget bow remarkable itis 
—that they are capable of repeating thee spatial organization 
‘spataly..'So that frors one exempliscation of this spatial 
‘organization or pattern: there can arise by division two (or 
even taore) simultaneously existing exemplifiations, and 
‘Dee may have identical properties, ie. they owy, 90 far a6 
wo can discover, differ only wumerically (rom one anotber. 
‘When this occurs experiment and cbservation show that there 
‘are often tv possibilities either the two exempications 
‘may remain in a certain organic relation to one aaother 0 
48 lo constitute paris of out whole organism, o they may be 
Aeparated ia certain sense which need not sean spatially 
tt of contact) in which cue we have vo whale erprnions, 
Un the frst case we have a later temporal part (@ later slice 
of the history} of the same orgariam which bas, épso fat, 
attained fo a higher level of organization, since it pow has 
‘two spatial parts each characlerin’ by the spatial organization 
‘which peevioualy chavactariard the whole. But in the second 
case we now bave two whole organisms cach exhibiting the 
fame spatial patters and each being of the sume ‘biological 
2g: the fried ova, 
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age which s another way of saying that they have the eamme 

‘Division mony be am intrinsic ox immanent proces in the 
senoe that it may not be dreety correlated with any ealornal 
event which can be called the "cause of the division, in the 
‘sera, fot example, in which « knife eay be called the cause 
Of the division of aoa! of bread. Uf we are to speak of causes 
‘we may of course say that penetration by a sperm is the cause 
Of the division of the ovum. but only ia the ecase that It ie 
‘one eatential condition without wich the internal changes Bo 
not nanally occur. Additional divisions do zat require further 
penetrations, and consequently it srems legitimate to speak 
“Ot suck divisions as occurring tmmanentiy or intrimically, 
‘which fs not intended to imply that they occur entcely ine 
Adependeatly of the surroandieg medium. Now since this is 
i hundamental ebaracteratic of Lvieg txngs Ie can, 1 think, 
be said that anything which can, dive ‘spontancously * oe 
"Uramanentiy* ia the above sense is alive, although tbe con- 
‘verse is not tre ix practice A part ray be alive and yet 
‘ot be capable of divion fa the above way. 

"Now division implies something which is diviéed and what 
is divided is primarily epace-time, "From this i lowe 
nly a certain dab of space-time ofa certain minimum spatial 
‘extension canbe the "situation “of an object ofthe kind called 
living. For below a certain minimam extension we reach 
entities according to chemical theory which cannot be divided 
and still retain their specie characters. There in x miirmam 
‘extensoo, for example, below which chalk. no longer exits 
‘This is called the molecule of chalk It follows. therefor, 
that what can be divided in the biloical ese must have 8 
(eater extension than » ceolecele. Thus both spetaly and 
Cermporally an event wich is" Iie-bearing*requrea a certain 
‘minimum’ extension. This enabler us to understand why 
‘rganisne pot bigger in the course of progrenive evolution 
Far to evolve in this cose means {among other things) to 
iderentiie, ned to diferentinte in to have more diverse 
parts, and ths can be accomplished either by subdividing the 
‘Seay given extent ox by increasing it Utthe Gra sernative 
4 take we soem reach a slage where further division in the 

‘So far we bave been considering division when the two 
odes are what may be called belogically apuialond, This 
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Ihmppens when 12 ruin x 2 idea. In the case of 
any ova theve we then wo pomibilties slresdy mentioned 
cither the two products remain as paris of ape organism, of 
in sume cums each ia one orgariam, eg. in “idestial "twins. 
‘The former inves iz developmest the latter in reprodoction 
‘Wa can peak of them ax part prodocing and wile prodocing 
division reqpectively. Tn protanoe we have whole-prodoeing 
‘ividn. But there is another land of division which B 
‘bole producing but in which the two wholes are aot bio- 
Lgically equivalent. Tais is mast simply exempliied when a 
‘anival lays a parthenogenetic egg, or wben a bu ia separated. 
‘Thas if an organism undergors whole-prodecing diviskon 
during the earliest slices of sls histery the two wholes are 
local equivalent have the ste vel properties 
‘age. Bat if whole prodecing divisian occas 
ie bench ay amie 
although in other respects they may have the same 
‘properties, and any éiflerences they may exhibit 
semult of diGerences in their contingent environmen 
Mances. ‘Ths may also cocar tn the. protects ch hak 
fpoduang vison at the bering of ihe hitary| The 
of the ' tranarazaion ol acqoiced characters" requires 
that when whole-producing division occurs late in the history 
‘of an organism the two products may be specibcally different 
even although they woak! not have been diferent if division 
1uad occurred early in the history. Consequently such difle- 
fences if they occured would be carcelated with the oontingeat 
eavlroatornta) crcematances of the older ocganiss, 

‘The term “biologically equivalent is only applicable to 
the two products of ‘ehole-producing division because {a8 
‘wil be soem later) i¢ is doubilal whether the fist two blaston 
‘meres in a developing cnganiam can ever be called biologically 
‘oguivalent 20 Jong at they remain in an organic relatioa, 
Neither wonld the above rears apply without modification 
to the division invelved in sexval reproduction since the 
Mendelian doctrine requires divisions which yield parts that 
‘re not biologically equivalent. 

Ta addition to" spontaneous "or immanent division there is 
‘tho division related more directly to transeunt relations with 
the environment, eg sutatay. This, bowever, is « further 
‘ertansion of the notion of division. Primarily I have used it 
‘to mean the spatial repetition of « type of organization, and 
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this ina property of ving exten which exhibit the ope 
torguceaton, may elt etter oto prt having Oe 
type ct enganaaio, orto wk, creo part only ney have 
Becekpe of egiaaton Fay we my ected it 1 
"nc yg ch i ft ha a hp 
The bad i ape repent h moe 

tt orfsation ofthe ole leon wich epee 

Tic naar ofthe mation betwen he proto vison 
is knportant ‘They may be tid tw be inom open ron 
{asng the orm tn techoial soma) ben hry covaate 
fers ol ane orptian. aie pocmal cesvage.- Tay ro then 
Satin preps contace Det the Products may 
Td contact and yet ot be inn onpane ration in the 
shove wise, ie ot rated as pets of ent xgeion, Ft 
example in the case of mammals the product of whole-produc- 
ing cvton resin in physokghal reaton ih the parent 
tang iter parting, when they have ceased to be nan 
tants rion inthe above sete Sesialy& tape-worm 
Say be win the bode of snsther animal wfnoet og 8 
a of in the ewe ae 

‘Symmecry~an tnpertan ature n icky xpaniation 
ithe outcome of pation. ‘The tam iy usally contin 
to apetial repethoa, at we can seg have repetton in 
time end ths is ced thythm. Pali organitian 
fnvotves both.” Ie batera ted radial aytmety toe parts 
frit ne cepeaied to conte the ayimmeny come its 
Tinens slices. tn api syianery they” come 
into exatenee twenty. ‘Bat thee tranche Kind of 
ple ivision in Which feof spa part wae su 
Sovely and ie i emrmpibed in metameri ngmentation 











Another tundaental concept eqised, by bila 
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the at place a pata act sty be pein given indivi 
Im the course of bis Bitory + can scquiree nose which be 
Aidnotha is Oi extersiandsol etistory. ‘Bat adwugh 
this patindst now part fo now, mors are bot new fo tke 
tity race, ‘Seca, an we have foot seen, when kn ova 
‘vues ie acquires ts new part, and wit tar coming nto 
aivwace ofthe two parts bow satves come ito exieone, 
here a fone Geteeen thse two cane. nthe er 
case we Inve divion, '¢. spatial Teprtiion of a pattern 
Siready existing 22 cbareceriing a givea, organisn. But 
Inthe case of tbe noe that organ dot erst ur charcteriing 
the maa in question, Thus both pars are in some senoe new 
bat one ares by livin ant the other done wot, But both 
‘Sonsrtneee we stances of wat f meu by cchoratoe, Tas 
partproducing division ie type of elaboration. Thirdly 
fart ry be wf a ras, af thie pet is damned 
Ey the tory of evolution. "When tis happens we bal have 
1 itd mode of ebbornon.  Faaly sacereve temporal 
ars ofthe organ 2s abe pexting entity ate ne But 
{ion the eof tine bere ens a aspect ofthe esaporad 
Sassage of ratare—te continual cooing fata big of news 
Freel as Cte pees. This conceros el the event of oatare 
And'is ot par of what L ream by elaboration Ths by 
Slabotation ean any procen in whieh ew spa pars 
Sr new modes of characterisation come into exeteace inthe 
tours of the ocgans’sbisory 

“There appear fo be a namber of differeat modes of clabora- 
tion 

Orpen nmsheit. A made of daboraton in which 
inoryanit Chemical cate combane to form higher lve 
of chemical ergataation, iw lng ogenione, 0g serch 
fercation in the grvm plant. ‘Thos proces oc ena oner 
tan be imitated te sane dept in comical borstorie, Bat 
it oe not otherwise occar ix masre a0 fac 2 we now, Le 
thar is bo ablogenen 

2) Division (hr proding)_ Tn this proces two or mare 
parts come ita being whack are numerically Gflerent wie 
retaining the characteristic intense properties of the 
Crigind. It primarily apples to organisms or parts haviag 
the celiype of ogaciatie, but ao apples & living colt 
arts eg theomonmen Ic appear tbe a mode of elsbora= 
on ony eahinted by Living copes 
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3. Hidclogical deboration. The sppearance of call-parts 
{akows the chanical ved not prevocly rewat in wcll 
‘the taking on of & specie shape Ey a call 
4 


‘wil not rufce to acenon (or the shrpe, sae, or relationa of the 
patch, These involve mataal relations between the cells, 
sae betrsn the cll end the rt of the organi, eed 
gannot therefore be explained simply by * postulating * 
ie the parect cell Theories of the Weismann 
the mistake of concentrating on the intzinle 
properties of individual cells to the neglect of thelr matul 


5. Symgamy. Another mode of elaboration, and again 
‘one which appeass ta be peculiar 1 living things, isthe procom 
known as aymgumy. This appears to be a proces which is 
the very opposite of division since two parts come topether 
to form a new whole. Tt is not surprising that eyngamy 
shou have been interpreted ax a process in which certain 
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in being part, ie. one 


‘nate it an i 
‘under such conditions it is the 
division and therefore no longer 
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We now come 16 wholes. A whole is capuble of independent 
cexictence, 1 it does no stand in an orgeni rebition a8 part 
to a wider whole fexoepe in the case of vocal ogasism), 
‘Dat hasan envitonmedt of course, which i an inorganic one 
Sd with which Its relaLons are to 2 arge exe contingent 
‘The relations between the parts in an organic whole are vot 
fomtingent, and this another important fact connected 
‘with the notion of organization. if we compare an inorganic 
‘whole—auch as a crystal—wtich ali exhibits the hierarchical 
{ypeot organisation, with ving organism, the cet diBerence 
swe notin ts in the way in which dhe soceesively higher levels 
ofthe hierarcay are formed. In the crystal ti by aggrega- 
tion.” In the ving onan its by division (bot nat ect 
ts've lev nem, Sn there er oer modes ef enkoralion, 
and this may be expreaive of a diminution of contingency 
in the relations between the parts. But the zoe important 


Phe gastos fo a ei 
1A ioe might be defoed ar a bonogemeous cabins part, $0 
Iaeiag el al Sn maa yp tne a Atal fact eet Oe 
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{feature of the motoal relations berween the parts constituting 
a living ocgaalsm is the fact that those relatos are indernal 
‘lations wo that the properties of a part are diferent when 
It is i ila place im the axganic bierarchy from what they are 
‘when itis moved from st Examples of thie have alieady 
beea given and more wil be brought forward below. 


‘We require now to summarise the progress 30 far ade in 
cor attempt (o cisover what fy invotved in the important 
‘concept of organization in the fet place it presupposes 
fhe notion of one individual thing haviog parte, which ix 
<iningsihed trom an aggregate by the natare of the Pelations 
Derween te part. For bis reason it was neccesary to eiiclze 
‘the notion et" protoplasm * whlch abstracts Lem the o¢guhe 
Laat ofthe Living organisa and is 2 survival fom an eater 
the before vary much was Known about cytclgy. Similarly 
{488 forthe tne ceaton I was necessary to riiaae the notion 
‘hat the so-called raultceilar orgasim are aggreyates of 
falls. We have abo sen that. inthe case of living organi, 
ifevntation in time la as eneatinl to the understanding of 
‘heir organisation a8 diferentition im. opace, A. living 
‘organism ian event no two teaporal parts of which exhibit 
the same characterisation, Moceove organitation of the 
vital level reqaies a ceetain minimum of both temporal end 
Fpatial” extension. lta spatiotempocal  diferentition is 
Sschioved in virtoe of the fart that there ix certain type of 
organization in organs which is capable of spatial repetition 
‘oy division, This is the clltype of organization. “Fhe teal 
signibeance of the cell concept lies in te recognition of the 
{fact that, apart (som Bacteria nd the lowest knw organiaza 
‘of that primitive type, tis i the simplest type of organisation 
‘which ie capable of characterising & whole (and hence in- 
‘epeadent)ongasism, bol i virwar ofa spatial repeatability 
‘iW lan constitutes the type of organization which characterites 
cxrain of the farts of thoee oxganisrs whose organization ia 
‘hove this evel. But there are avo otber proceoes in virtue 
‘of which the type of organization can be mused and these were 
‘iso called proceaes of elaboration Parts of ont organism 
2 Tas obvi tre yas. of come, plated ort by Asti, bet 
tas Tom tags by te po Seroain at” 
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‘are organically related and this relation is such thet the 
parts behave differently sx this relation from what they do 
Out of it. That is to say the parts of « living organism are 
‘intemaly related to one another, and such relations are not 
‘contingent as are the relations of the whole to ite inorgenie 
environment. Thus 2 living organism is analysable into a 
Ierarchy of parts in a Rirarchy of relations, bat neither 
its parte nor thei relations ace unchanging einoe it fa diferen- 
‘ated temporally as well as spatially, During the behaviour 
period, of earlier, some of the parts exhibit tempara diferen- 
ation of the thythmical type 





1k remains now to ee a Ute farther what is involved in 
saying that the mode of coganization ix “Blerazchical’. It 
in the tact recognition of this character of biological organisa 
tian which Prof Wilson expresses when he saye':« We cannot 
comprehend the activites of the Living cell by stalin merely 
0f 43 chemical composition, or even of ite molecnlarstroctire 
alone‘, said that this recognition seems to be recanted by 
Prof. Wilson in another place when be says: "Somehow 
he organization of the geracell mast be Uaceabie to the 
Physicochemical properucs of its compaoeot substancee', 
Let us conceive an entity having the hierarchical type of 
‘erganization, ang It it be analysable inte our primary relat 
‘ALB, C. and D, standing in certain organising relations, 
Let each of these be componite so tbat Ain analysable into the 
relate a, aa” and a. B is similarly analysable into 

1 © “ete. and the suune with C and D, and between Dre 
14 thre wil be organising relations and so on forthe 6 te, 
For the sake of simplicity wwe wil suppose that the #8, 2, 
tc., are oot further anaiysable. We then have two levels 
jn our blerarchy. First there is that constituted by A, B, © 
and Din theie relations and we can call this the Xlevel. 
Bat if we carry the analysis farther we have another leva 
‘onatitoted by the a's, 8s, et., which we oan call the Y-Jeval. 
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relations on the ¥-Jevel will equal ic number the muaber of 
bind of relate on this level, and we aball have Ryu for the 
‘alatons between the a's, Ry for those between the B's, ate 
How the properties of A wil be the ontoomie of the 

ol the a's end thar rations. ‘That is t0 say A ie what it 
bot merely becwtme it is cocapmet of «', 4”... ete, but 
because of the onganiting reations betwern 6”, ete. But 
if A is ttermaly related to B this moans that A and B bave 
ferent propertion according to whether they are in an RX 
‘elation oF not, just an two blastomeres may behave difereathy 
‘when they are in ap organic relation trom what they do whet 
hey are separated. Now it sema to be perfectly dear that 
UW yoa analyse the entity ander consideration down to the 
‘¥slevel you many discover the propertis of, say, the a's or O's, 
fn tmlatin, bat you diacaver nothing aboot, the X evel 
Decauae it as ceased to exit. To stndy the XJevel we buve 
1 tae the X-level as itis and investigate the toa relations 
Tetwoon the A, B, € and D relate which together constitwte 
‘that level” We can discover bow the whole bebaes without 
A and bow A behaves without the whole, We can abo 
investigate A analytically io isolation from 8, C apd D, and 
{$0 Uy to understand how the a's and thei reiatioas coasttte 
‘A, Dut we should have to remember the pomblity that tbe 
a's may behave difierently when A is a Ure Rx relation from, 
‘what they do when A ia tiated. 

‘Now lt us apply this tothe ving organisin. For the nthe 
‘of simplicity let ws oppose that cell parts (p. 309 arr abtrate 
sthoagh of course Dus is sot the case. Then the vartows cell 
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(hat the relations between, say, a muscle cell and a oxloiar 
part eg. a limb can only be studied in the limb itet—eot 
fo mention the fact thatthe iss iol apart and its relations. 
to thewhoke are important ; for example, we tat take it for 
(Ganted that the limb is supplied with oxygen hich pre- 
Supposes respratory and othee cclislar parts 
TEA. B,C. D, ete. comatitate the calliar parts then their 
relatioea will be Rx (A. B, C, D, etc} and they can only be 
‘died at that level. 1 is alated from the vest you bave 
Sestroyed the relations of the X-lewel at Heast $0 far a3 A Is 
‘concerned. But if A can be kept alive by farashing it with 
an arcilal submttute for its enganie relations you may be 
‘ble to study ste constituent relats in their relations, Le. Ry 
(asa, a", @”", te) ie. the cals and their relations which 
together conatitute A, bat only i 30 far as these are not altered. 
bby the fact that An no longer In the relation Rx 20 B,C, et 
‘Then you can take a given cella and study it in iaalation— 
im tswue cultare, thus investigating Ws constituents in 
thei relation Re Ge’, Pa’, ga etc}. But $t mast be 
remembered that when & partis stated it mo Jonger has 1 
{ypkal relations, in other words its envireamest i diferent, 
trl tbe concept of envionment applies as such to parts a 
‘to whole, with the important ditference that the enviroment 
of u part is the whole organim and pot an inorpani environ 
rest, Henoe when a partis soiated ane of thre powibitties 
willbe realited. (a) Tf itis pot inte an ioorganic envireament 
it may Debave as a new whole (eg. an ilated pee of 
‘Planarian). (2) It may perish. ie. cease to persist an a Living 
(hing wes a ran’ gin ut of. (3) It many be tarnished 
‘with an arlifcial organic environment, ax is. muasy phywio- 
logical experiments, tisssecaltore, etc. Thio process of 
{polation fe almolutely indigpeasable in many cases in pbysio- 
logical research and the seals obtained ase of the bighest 
Interet—an enormous part of our knowinige is dependent 
toa them. Bid trom the paint of view of interpretation of 
ans resuls it is extremely isportast to bear in mind oor 
cobrivas methodalogial point: it is never safe to esrume 
‘uncrtlally or avert dogmatically that an ‘sclated relatum 
ay A taken from abe level Rx {A, B,C, D, atc) exhibits the 
tamne properties in lanlation asi doea Sn ts place inthe level — 
‘oven ‘hen it fa furnished with an articial organic environ 
‘ent which isan ‘normal’ as pouiie, For to sprue this 
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4a to aasume a3 1 have said that the reations symbolized by 
[Rx are purely external relations making no difference to the 
‘terme standiag ip them, and this is aever a sale assumption 
‘to make in biology. But ie an assumption which is almost 
lavariably made by physiologists even without realizing that 
ff an aésumption. We saw an example in Ue passage 
‘rom Claude Bernard quoted on p. 242. This is simply the 
‘esalt of our fondsess for things and our neglect of relations, 
sand abo of the preponderance of physical at contrasted with 
biologie ways of thinking in dally lve as well usin scientiéec 
Iboratories” It is always legitimate to make thy above 
‘amumption for parpoves of investigation. and so long we itis 
remembered that itis a5 assumption wien we come to the 
question of interpretation no harm is done. But difBeulties 
sea, ly cin, i aves emer xt 
of the raze kind exempliird by Dr. J. §. Haldane, 

Peter thsi of curses importance in maine For 
bere we always have to da with the physiology of the organism 
‘M & whole in which, alchough the normal relations of the 
parts are disturbed, they are not distarbed by isolation ay 
‘hey are in physiological experiments. Let us (ake an actual 
example ia order to make the importance of otganitation 
quite clear. “A callin the convoluted tubule of the kidney 
thas at least the following relations : {x} it has other kidney 
cont in contact with it ; (2) it bas lyraph, blood capillaries and 
‘connective-tisne cells jn relation to se proximal or basal end ; 
{G) it has a sid of varied chemical character in relation to is 
istad end (accocding to Cusliny's theory}. Now consider 
fan iolated kidney-cel! in thaue culture. How many of theae 
relatians are realized ? At most we can say that some of the 
relations under (2) are in part realized in so far aa the isolated 
call is farnlahed with an artificial ergenie environment of 
constant chemical character based on a knowledge of the 
chemical character of the tiswe fioids Now the beautiful 
experiments of Dr. Drew shaw conchosively that the relations 
‘of the kidney cells to the connective tasue cells ate énteraat 
‘aol external, since the cultivated cells behave quite differently 
‘secording to the presence or atuence of connective tissue cell, 
Moreover the absence of relation (5} will mean that the kidney 
‘all In not exhibiting ite typical “function Tt will, con- 
requenily, exhibit the basal metabole changes cosamon to 
ell calla byt uot thoe characteristic of it in si, Thus 
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valuuble as is the information we shall be able to elit from 
‘the cultivation of Kidney cells in this way we cammot expect 
4 to tell ws ad we require to know about such cells save it 
cannot tel us precsely what the kidsey cell activiticn are 
‘when it takes its place im the hierarchy. ‘The kidney oell has 
Deen shown to bebave diferentiy according as fs relations 
are altered. Tes fall characteristic a8 a dey cell ove only 
ranifesied when it is in ite place ia the Y-evel, amd that 
‘gala ia eclated to the Xikevel. That is to say if Ry (kk, 
Ye etc) represents the kidoey, then Xf kidney cal say 
‘evn the convolated tubule) wil be qoite 2 diferent cell in 
luolation (com what itis when it stands is the relation Ry 
10 the other cells (of various kinds) in the kidney. Tt a an 
atstracium not « selatum. althoogh we go on calling it a 
“"kidaey cell”. Moreover, even the kidney itsef is what 
iin virtue of its relations in the Xcleve, its the K ip RX 
(A B.C... Ko. ete). That is to say we bave a 
hierarchy of parts standing in multiple interaal or constitutive 
relations (0 one abother. And accordingly we requir, for 
‘theoretical purpates, to bear this i und when we come to 
Interpret the results of a pareiy analytical investigation, 
yell be seory to deve way and tan of bing 
tu requisite for correcting a partly analytical procedure. 
‘Now ina enue, hus et smplial ars. our 0 a 
to show quite definitely that the assertions of thove who say 
‘hat biology must only use the concepis.of physics and cheer 
tty is not only not practised bet not practicable, And when 
‘people nay. at Mr. J. Needham says, that ‘At the preseot day 
Aoology has become comparative biochemistry and physiology 
Diopityee , or, a9 Prot Mersall says “Putting aside the 
esthetic and historical interests of biology as extrascietis, 
tind medicine, which is an art as well as science, biological 
investigators in genecal find the categories of chemistry and 
physics to be sufficient for their own studies "when people 
‘uy things of this kind they seem to be talking shoer nonsense 
‘based on gnorance of the scence an a whole, which they 
suppose to be no wider than the small beazch in which they 
Iappen to be interested. Takeo on theit face value suth 
statements are s0 obviously and grotesquely satroe that it ia 
ificalt to belive that shez euthars cam posubly mean what 
‘uy say, and bielgicl writers we 9 mach addicted to ying 
‘what they dot cieam inorder to convey what they do mcd 
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‘that it i never posible to feel qaite ware about what is ia- 
tended. But trom what bas bom aid abost argusiaation 
it mas perfectly plain thet ae entity having the herarchical 
type of crpanisation such as we find m the rgenis resizes 
‘npvestigabion at al levels and investigation of one level cannot 
replace the necemity for investigations of level higher up 
‘the hierarchy. And this remains true irmopective of the 
qeestion of x remote future possibility of being able to state 
the properties of all the higher levels in terms of the relat in 
the lowest one, if indeed Ibe very nature of the case does not 
fecode such a poasbility. Apart from all sich specolations 
‘the fact cemains that a phyniologis! who wishes to study the 
Physiology of the nervous syetem mest have a level of organ- 
ination above the celllevel to Begin with. He mast have at 

+ least the elements necessary to conaituse a reBex ace and in 
‘eclual practise he uses concepts appropriate to that level 
‘which are net the concepts of physica and chemistry, But 
there fs no auch thing a 2 nervous system ‘ up in the at in 
iolation from other parts, and it wonkd be quite impossible 
to stady such 1 thing physialogially, and eonseqaently we 
are compelled to adit more and mere of the organic hierarchy. 
Puyibgist pent in contsing tcaton in thanght with 

‘in nacre, 

Moreaver in discussing organization we have been forgetting, 
two other Ganportant points which have their bearing on 
iological explanation. We have forgotten the relation of 
this “argunization to the contingent ciramstancen of its 
‘environment, which presupposes constant changes in i¢ apart 
{rom ity own. intrinsle changes, und we have forgotten that 
this organization is beleved to have evolve, and in that 
evolution its level of organiaation has beea gradually rained 
‘With each increase in organisation aew terma in new relations 
tbave been elaborated and it in aheer dogmatism to suppom 
‘that under such circumstances ne new types of regularity or 
law have come into being. But if we shut our eyes to these 
considerations and refuse to think biologically we may be 
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“Tris Tentiely agree with becaste iti quite Megtmate 60 
tay what io et puble on & ution ot is hind on 
felim ot nature fm Knowledge bused on another Team, 
‘expecially when that knowledge it highly abstract. This 
factor Crample seems (ve vot acta nvtanes ofthat 
‘peculias stuyadity of the learned to which E have already 
Telerred (p. 295). Let me Snally call in ap opea-minded 
Physicist to witness to the same truth as the above authors 
ite expreecd. ‘Proewor PW. Bridgman writes as alow 
‘on p. 2 of his Logic of Modern Physics 
ned Pinte ad Tiina thee nue a 
apr ts si np Tanya eon peat 
Eiatiaitiy Shute ante how ae oat ee ee 
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T will now summarise my reasons for believing thet an 
exclusive attention to what are caled mechanical explanations 
in biology is wot desizable, bearing in mind that vitaism is 
not the oly alternative, but that purely ological explana- 
tors are alto possi : 


Moras *Paywcony "ne Ssh se Lah of Metre Kee, 
sedge Conan, 38 ES 
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1. Depending om the relation Weween the siege of deadopment 
of a slence and ibs perfection of te mana of overition. 
‘The history of physics shows x close correlation or adaptation 
‘between the theoretical interpretations of a given stage and 
Se Seeley of he a arene of he Une, to att 
oe te ay ofthe etroments for bneratan 
‘That in to say the data were not too numerons 
or copes to br eat wih bythe mnt of cng tan 
aborated. Each new step in Leprovement of insruments 
of precios has made possible a (arther advance on the previ- 
‘out sage, resiting in a further seSnement of physical laws, 
Physics has progressed from crude laws or rough approxi 
‘mations of alow degre of generality to more precise Laws of 
bigh degree of generality. Poincaré has written: 





‘Serve dr a maeste bo be bere asin, Sica % naar ot 
‘Shrervaioe hace bese fo perce = 
‘The mora of allthis for biology is suficently cbviows, Modera. 
physics and chemistry place in oar bands means of cbservation 
fof great eefinement, and meats of interpretation of a Rghly 
sophisticated nature, very far recieved from what can be 








ICS fag ur vegans te pc Rae ce de to 
We are thus fumished with data of great sbundance, and 
{nterpetation of great complexity. just as Kepler would have 
‘een had he possessed Michetcn's interferometer, We are, 
hereto, in danger of being overwhelmed by our data and of 
elo nab to deal wth he simpler pele ft a dt 
their connexion. The continual heaping up of data is 
‘wore than uci if interpretation does not beep pace with it 
1s biology this is all the more deplocabe because it lads ws 
to shar over what chasactersticaly Bllogical in order to 
seach hypotbetical* caine. 
‘Another point connected with the above ig the fact that 
such laws a6 have been 20 far discovered in physica are rela- 


4 Seog eed open Zo. sre. 9. 
cp of Me, Leen FF. 
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Lvaly simple * but they have, neverthelen, required the moat 
Deliant mathematical talent for their eiscdation. Their 
‘lative simplicity hat been one importact condition of their 
discovery. it is nat enough that there should be laws but 
they must be simple exougls (or us to be able te unravel them, 
[But there is no reason 10 suppose that the laws governing the 
sure remote relata in the biological hierarchies are simple, 
‘and ifthe only explanations which can be called scientific are 
‘those of which the laws of mathematical physics ure the type 
then the outlook for scentife biology would vot appear to 
be very bright. This is no reason for not trying to tnd such 
Jaws, but itis a reason why we should not cense to seek other 
means of syztematizing biokgical koowiedge. 


2, Depending ow the absivact character of the mechanical ex- 
‘Planations 

‘As T have already repeatedly pointed out, the mature and 
extence of abszection in all scientific procedure appeers to 
be very easly forgotten, The whole success of the scientific 
method depends on abstraction and on dealing with problems 
piece-meal. Bal one conseqoence of this is that a given mode 
Of absttaction cannot be exhaustive. To abstract means to 
iscriminate certain features in though from others whieh are 
‘meanwhile neglected. Any conclusions which may be reached 
‘ill, consequently, oply be valid under the conditions of the 
mode of abstraction employed.* The success of a given mode 
‘will depend on the skill with which relevant features are 
selected. But if there are other modes of abstraction they will 
also require exploration if Care ts reaton to believe that they 
‘ate important, m order to check the coneluclans reached by the 
Girat. We must not let the miccess of onc mode of abetraction 
bbe set up as an obstacle to the exploration of ether ones. 
‘What does it mean to say that an organism ia alive ? Modem 
biology has no answer te this question because it is under the 
influence of one mode of abetraction which abetracs, and from 
its matuce must abstract, Gom the fact that the organism ia 
alive. An anprejudiced comparison Between the living ond 
the non-living might (amish data for an answer, But if we 
start ftom the nomliving and attempt to work upwards~ 
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‘ying to poce all the levels of the oxpuaic hierarchy together 
‘from a Knowledge of its lowest reata—we abut oct Any 
omibilty of such a comparison. No geauine grounds bave 
been brought farward for eappoaing thet the hopes of dogmatic 
mechanize will continge *0 be uphel, any reare than there 
‘were any grounds (or suppoting that Victorian physice woul’ 
‘abrays be upbeld in all regio of physical phenomens, 


“b Depending om th sarinsic Vinten of the mechanical 
tepenatone 


Biologiats are apt to take a far top nalve atiitude towards 
physica, interpreting it more realistically and dogmatically 
than physicists themaelves, without any understanding of its 
history, ofits metaphysical Basis, of of the traditional dith- 
culties which have bern inherent in some ofits concepts irom 
‘the begloning. But, as everyone should Know, these difi- 
culties bave become particularly acute at the present day and 
‘a the subject of much reacwed controversy. It is 4 great 
mistake, therefore, to suppose that in building upon physicn 
ime are building upon a5 impregnable and unmoving rock. 
Professor Whitehead hes said that | 


aT Sg be tm Sty ero ha he vcs 





It is « good plan to get what aid om outside in available, 
‘bat itis ch safer and woold appear to be the primary duly 
of each science which is entrosted with a given subject-matter 
‘to appeal always to the discoverable data which tet subject- 
snattee . aod reject whatever ia contradicted by it, 
rather than to try to make It accept notions borrowed from 
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‘Tole has alrsady been discussed at length. Analysis destroys 
‘He characteriaticaly vital level of organisation. You cin 
aly deal with a given leva fa teem of the velats in that level, 
Soch simple considerations are entirely overlooked. by the 





too easly content with pacely atomistic notions, bowever 
‘reat may be their value from the invetigater’s standpoint 
‘A purely acalytica) explanation ms contrasted with methods 
of favestigatian is obviously out of the qoestian is theoretical 
Vology. Regarding analysis Mr. Johnson write ; 


‘rotainco” bat fer vba secestnan of Sher Oe 

‘a etchan (be whol, anulyls Getter Geter se the esniatoe 

oF Recetas rate part ce rae 

Mo saalyee X simply means the mee wa'to cstat X ang 
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‘Now this cannot possibly be done by working soley trom below, 
Tt requires that we atudy each level ic itself in terms appro- 
fies fo ar wel ain terms cooepsepprepiat te ner 
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‘5. Depending onthe naar ofthe ipothtical mathe. 

Metherlologica! mechaniem in its various tarms proceeds by 
‘borrowing explacatary principles which bave been elaborated 
in one sphere and for ove purpose and extending them bypo- 
‘etially to x totally diflerent one, It may therefore be 
deacrided as « non-bomogeacoss use of hypothesis, Now 
roca 4 logeal point of view and theretare trom the point of 
view of theoretical biology this is an extremely hazardous 
procedure, however succes] it may bave been inthe accutna 
lation of deta. As an exazple of u hypothetical argument 
‘which hay actually been used ia iological Iterature and the 
{ncorreciness of which bas been pointed oot by a phytilogist 
‘we ny take the following : 


*Mrrear cemtaction mutt be de lo srlace tension, 


Professor A. V_ Hill, coxnmenting ao this aigument, does not 
remarl on its logical weakness But calls attention (o certain 





‘But tow the logical point of view the argument is equally 
aauadable, It assumes that wherever there is ‘dimination 
‘of force and rise of tersperature’ this diminution ts“ caused 
dy surtice tension’. This assumption is burrowed from 
science aad carved over bodily into the biological 
. When a case in the latter sphere is then discovered 
‘of diminution of force with Fix of temperature ‘itis conel det 
‘that this case alo rant be due to surface tension. Of course 
there is no ground whatever for ° must 
“may. Only if me knew that all sack 
to surface tension * would the argument be valid, but a6 far 
a the realm of biology ie concerned it is just these major 
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eecalsen which remain tobe discovered. The above argument 
Sn good example of the fallacy of "asserting the antecedent 
oa the ground of the consequent‘ and is quite comparable 
‘with the following anc given by Professor Hobbowe :t 


“1a on ume the ciate of Europe nan Arcsin arco 
‘onl vonatna of Aree” animale wos 


“This form of argument’, adds Prclewor Hebhouse, “sts 
00d and bad Interences equally well [t gives nether 
Serainty noe probabilly it gives ia sicict loge nothing at 
SL) The hypothetical form of statement is ace which the 
hind ‘easily lows and is therefore plausible” Thus 
‘hypotheisenot veri cae facts canbe picked ost which 
ae "accounted Yor’ by it Tes probability only. Decanes 
‘onsiderable when the phenomena itis able 10 embenee art 
‘oth momezoss and varied, 20 ato increase the probability 
ol excluding other possible hypothesis A hypotbes mug. 
fee innate acquaintance wih» We range 

logical (acta iv mote likely to be rear the trth (ban oDe 
Anmparted trom another sphere. This is what by 
fying that thease of physico-chemical hypothesis isa" none 
ners gehen nd eo eu 
Te should be sulicletly obvious that by the hypothetical 
rethod in the above vente we Introduce nohing pew ito OU 
Intocpretations. We shall get nothing more cut of oat hypothe 
tical procedre tha what we putin Thus jn physiology, if We 
{tame purely phyica o¢ chemical bypothses ore cam expect 
to get ating bat physical or chemin! results, nd there wre 
laws peclla to eats of the vital level of organization we 
thal ever reoch thera ia this way. Ttis wot at al surprising 
therefore that the "progres of physiology "should continue 
to “support” tbe cain of mechanira. The hypothetical 
Tethod at followed fo that science consists fn taking some 
Phynical or chemical law oc inventing » physical oc cemical 
ode, and seeing how far it wid work i biological systems. 
‘This always yields valuable new data, as indeed any hypothesis 
wochd which suggested new experiments, but usually proves 
in tae proces to be untenable and Carter investigations Mead 
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‘0 farther complication of the original hypothesis oF to ite 
stesdonment for another. Naw this is not induction and 
‘cunmot lead to the dicavery of binlagicn! Lewy. Hypothesis 
leads to the discovery of facts and this epcourages the bellet 
that thas who rate it re making progres “Ans they 
fare but in Aiscovary not im i tion 
fi ce other ha Pad ote fara ofa given 
sphere the uaiversals proper for tir embodiment ia thought. 
To hypothesis the story in general oolline is assumed to be 
‘gives in advanes and it bopes that the facts wil conform and 
fil in the detail? From these considerations it is lear that 
‘twill be in the highest degree a precarions procedure to take 
‘the explanatory notions which have been inductively reached 
lwote science and employ them dagenatically and wocritically 
in another. But this is just what we do in biology when we 
‘elude all other methods of interpretation but those employed. 
{in the physical sciences. So lar there has been extraordinarily 
Bitte genuine induction in biology. Ever Darwin's welection 
hypothesis was nota porely Biological one. He borrowed 
ideas trom sociology and from artigcil breeding and then found 
that auch Diodagical data a were at bie disporal could be 
‘accommodated “lo this bypothesis. But facis are very 
‘accommodating as we see (ora the way im which two Fival 

‘are able to make msc of the same range of (acs 
‘with totally contradictory results 


6 Depending on the fact hes mesiern bislogy regards organiome 
(4 te culcome of an evlationery proces, 

We have not yet discussed the implications of evolution fot 
‘iological explanations aktbough some difficulties were noted 
inoor examination of Jenkiason's opisicas in the last chapter 
‘Bot it may be pointed oat here that the modern doctrine of 
‘emergent evoluizon is inconsislent both with dograatic mechan 
‘ea and with parely methodological mechaniam i the latter 
‘wishes to exclude all other methods of Interpretation. Cour 
sequently any ooe who eubscribes to the doctrine of emergent 
‘evolotion cannot at the same time subscribe to dogmatic 
‘mechani soe to the exclsive adherence (o methodobogical 
mechanimn.* Bat in any case my arguments besed on the 

‘Compara 28 example gives aban 60, 
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‘ature of the crganke hierarchical mode of organization sufce 
1 show the diftculties of liiting Biological interpretation in 
the way atterpted by methodolopial mechazitn 

1 Chink the ‘whole situation can be commariscd in the 
{oliowing way : If is asked whether the coaorpts of physics 
‘ad chemistry sic for prsend day eccatifc biology both in 
investigation and interpretation the answer is no, because 
neurology, experimental embryology and genttk, to mention 
‘only the mott outstanding Branches which claim attmtion 
today, chiedly employ purty biological concepts al 
Ovayt with some kind Sf 2 mechanic! speculative 
round, If the question is asked whethes these concept will 
fem be dispensed with and their places taken by purely 
Phpiead oe chemical ones then one cvs answer tr:” Walt 
Lind see, "But a more interesting and le tand anower would 
tie as follows: We could tepin by asking a question: Ae 
there any ecsities in the world which exhitxt 2 mode of 
‘orguniration above the chenical evel and are living organisms, 
Inloded in such a case? If the azawer isi the eftrmative 
then we can say that probably the correct answer to the 
first question wil be ta the segstive. Il however, our 
(questisn is answered im the negative. Usen We have to ak: 
‘What then do you man when you say fas You do sy) that 
[ving things have evolved Irom tn inorganic? if thre ie 10 
‘rpaniaation above the chersical level what has happened i 
‘evolution This question wil aise again when we come (0 
the anlithess between peelormation and epigrness 

Let me fs conclusion say that the above arguments are it 
‘ho sense dicected againat the inteligent and legitimate me 
(of mechanistic explanations in biology. not aze they intended 
to discourage the nttempt to extend them. They are intended 
sicaply 10 eiscaver the conditions of biological explanation 
‘ros the methodelogiea standpoint. and to abow reasons for 
1 teabpng  ogelway a haga tte 
te 4 way 8 contrast 
‘he way of thinking employed by the physical sciences on the 
fone and, and the pevehological method of interpretation 
‘hich seems’ to saderlse vitlietic thinkieg oo the other 
Neither da T sah to discredit the eBorts of the viteioic 
‘writers in 3 fa a least as they atterapt to deal with dficuties 
‘which their Gvals re content to ignore. 
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‘QUPTER VII 
‘Tux Avrtraess merwaan Sraveres ax Foxcriow 


Brococica, thought bas been barassed by this aatithests 
thronghoat its history. Debates sll go on shout whether 
‘strocture determines fonction” or “function determines 
structure’, This antithesis maniests its in the separation 
‘between anatomy and physiology, and, not infrequently, in 
‘quarrels between anatomists and physiologists. Physioh- 
ists clase that their stdy is more inmportant then anatomy 
‘because fonction is* more fundamenta)' than structure, And 
azatomists have been known to entertain the belie that 
‘with » sufbcient Knowledge of anatomy it would be possible 
{to 'dedoea “function. Some physilogists,on the other hand 
stem to take the opposite view from that jast mentioned 
‘Ths Staling, writing ofthe correlation between‘ histological 
Aifereatition ” and the “increasing eficiency of adaptive 
reactions attained by the seting apart of special stroctares 
(organs) for the performance of defzite fonctions "writes 
“The paritcbes bere the devecpoent of oat 
etn ates ae aan ro, hoo oe 
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At soem then that this antithesis ia still acute and that if it 
‘could be removed in some way 2 troublesome antithesis could 
‘be removed from Biological thought, And this T thick we 
‘are now able to do on the basis af cor foregoing discusions, 
Far from being insolubie it fs the casiest of all the anuitheses 
te overore A tie refaion wil show tha it ese 
che separation of space and time and if this separation 
‘Rot made the antithesis between strocture and function falls 
ta the groond. 1 have already pointed out that anatomy 
‘abstracts from time. Tt studies the oxganism conceived * at 
‘an ingtant'. Physiology, on the other band, cannot do this. 
Evidently then, the Sevt thing we bave fo dos to find out what 
Precisely is meant by the vague terau stracture snd function 
‘When we have dowe this it will I thisk be possible to under 
stand this antithesis and to see bow it can be overoorse. 











‘We shall begin with “function. {¢ is clear eves from the 
passages quoted teal this tern is wed ambigumsly Tt 
appears to have three principal meanings which are quite 
orsmonly confused. {3} In the frst place when we speai of 
the function of an organ we ussally mean what rile st plays 
in the economy of the whole We frequently Sind that this 
seans that the maintesance of some character of some otbet 
part is dependent upon the part or organ in qoestion. Thus 
fre say that the function of the heart i to keep the blood in 
‘motion, and the fsetion ofthe kidney #0 maintain a ceriain 
‘constant chemical character of the blood. We often speak 
‘ol the function ofa part of « machine in mach the suze 929 
(@) In the second place we sometimes speak of certain‘ fonda: 
mental vital functions” soch as assimilation, respiration, 
excretion and 30 on as inseparable characteristics of living 
things oF their living parts. ‘These notions beloog tothe ell 
‘concept when itis enlarged from the physiological wtandpaiat. 
‘Thaw what seems 9 be done in this cae is thet certain per 
vvasive types of change are recognized as exhibited by entities 
Dbaving the cell-type ef orgenization, and these diseriminated 
(types are called "vital fonctions” (3) Thindy the name 
‘seems to be used as x came Kee al the processes ordinarily aid 
to be" going on ix an organ This sees to be what is meant 
‘when we speak for example, of the fanctiting of the kidney, 





tady whan they are said to be studying the physiolgy ot 
the Hiduey. These three meanings seem to be tolerably clear 
‘and quite distioet om one another. It ix with the third 


We saw have to consider what is meant by structure, 
‘What docs an anatomist mena by the stractare ofthe heart? 
Tein at once evident Ghat what i soually mewat 1s patil 
structure, and Hat what the anatomist deals with (suo object 
pot az event. What he uscally studies ip sxmething rach 
tare abstract tan the heat ait iin be living body (although 
tuatomy is nally considered to be a highly "concrete 
Science). The anatorsst usally stutics the pickled heart, 
ie. the hear afte it has ceased fo “ave a biological hitory 
‘which in an exciting history and dificult to ebeerve, but only 
2 tame Metory sa unilrm poyscal object Moreover be 
ie it chiey a a visual cbject and owing to ou preferencn 
‘experience and our perstert salve reals itis 

1 fal into the error of thinking of the visual 
‘ovesete art iaet. Bul of course tbe 

* ig ready an abetrnctumn. The 
synthesis of mary visual appear 
the heart as it appears afer pickling It alc 
sections are studied we have something more abstract 


i 
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the living body daring & coerete duration. (tis intoleably 
Caples, bot iis sl pombe to know it ana printing thing 
having the chytanial type of change of eharacteriatin. 
‘Which ofall the feeting appearaxoss it presents are we to call 
she structure of the heart) Obvioly the heart Is an event 
(Gia parvevent of the event of greater spatial extent which 
the onpacien) of the Kind whichis only Kaowable as « 000 
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Icpened change, st eves hi i ot shy toe Decne 
‘Se Hong bet doo nt hex eiecnly. One of ts ches 
tert  e vartabty ie raion to sthe evecty Gag 
parvavests ot the tue arpanscr 0) eras wv hav 
EEily ed abetact tod Urutomy eepeens oe way of 
Sag ths roar to ving erganic-ene moe of slmeac- 
tions And pipsoogy wes stngie the usted eat 
repress sgother It Te notin the eat derogatory #0 
‘anatomy and physiolngy that they abstract since without 
Sstennlon they would be ipoatie, Bet when we come 
tolmterret ther reals yetialy, we lone ear Zecact 
tere ten we fall at the “lay of uae cones: 
ew and Enumerate evocabie “aytthas” te the rent 

TT we resember what hes bee sald about the dct et 
fercronce at eur onined a seting gag nt 
‘eee at ance tI art. s an” 
ierach a fordanononl even, the bart a tdied by 
Piynslogy, Ue he ancisn a oar ied we” Now the 
Petoepcal ect ms studied by anatomy, an theater Han, 
fr object chancteriang. that event. The living Beart is 
Imnowable as a thythmical non-unidorm object. As such it is 
ul to ated. Ansemy torte stoi it wen Bat 
fesse be lviog aod rats ie poy spatial epee 18 
sbrtrucion fom Ste, ‘Thm we ray say i tetocy els 
Primarily with the spatial aspect Of thowe pareve of 
anions whoa characters are eapecay enduring More= 
over fe eas copeculy (a Mcowopicl anatomy abnost 
‘xcluiely) wh oir pal apts ar ally appended. 
Tei not del, therfore os hat satya must 
Te very abntract, ao gay fw tae what totem teaches 
forte cancot four-dimensonal event which carter, 
Shall we gel into inextriahr ciBelen over the ation 
Retween Structure” and "function's There is 30. noch 
ties i oatce. ‘Theanine springs solely trom ene 
Shodet of appectension and em the etparation of spate sd 
ize.” Moweover it obeoes tat striae a arleanly 
alert) cannot beats ‘aeteune’Fantion We 
aa wow iterpeet Proeare Winns Gems, He me 

ec HULSE tat acon at fr op on 

Sino 
This dilemma may beoog to the“ fundamental pop of 
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bialogy "ut it oad wot for that reason be left aside us‘ prac 
ically insoluble" becuse that piloeophy should help uy to 
slve it and T think it does. All that we seaz by vital uction 
{nthe organiam or past of the onganiam as an event amid other 
events, “Such events, unlike, vay, certain electromagnstic 
‘waren happen tobe of te kind tnt art kaowable ln perception 
4s baving more oc less enduring characters, We abstract the 
‘vim spatial aspect of this and called lt the “organized basis" 
of the activity whereas itis only an aspect of it deprived 
ff ite temporal passage. It is an empirical fact that euch 
‘space are coly observed in some connexion with such events, 
‘0 that i we find them we expoct that we are in the presence 
of such * vital activity "or we connect them in thought sith 
auch activity (eg. im the case of fouls). Tn just the same way 
if we came across a grampophooe in the Sahara desert we should 
‘elleve that some man had petit there. 

Tt seems, chen, that what is cequired is an enlargement of 
‘our conespt of * structure "$0 25 to include and recognize that 
in the living organism it is not merely 2 question of spatial 
structure with an ‘activity "a8 something over against it, but 
‘Dat fhe concrete organiem it 2 epalio-iomporal structure and 
Dat this spatiotemporal structure é the activity. iteell 
Moreover, ax was pointed out in Chapter LIT, temporal differ- 
‘eatiation is just 28 obvious and important a characteristic of 
(he living organisms a4 i spatial diflcrentiatioa. 

Tt is beyond the scope of this book to werk oat the can 
sequences of the resolution of this antithesis in detad in te 
Latva to particular biological probleme, Wut we sball male 
use of this key in later chapters, and more will be Said below 
(en. P. 440) aboot the nature of ‘strocture 

We ar wid et, of courte, with Ube aatithons Bete eval ak 
‘opt te Character ow iow. 5378 





CHAPTER VT 
Tae Antrnmess arrwuex Oxcwus asp Exvmomewt 


Frou the standpoint of traditional chemistry snd physice, 
for, more correctly, from the standpoint of the traditional 
‘cientfic materialism in which Unose sciences have exprested 
their resalts, there is no antithesis between organism and 
‘envitonineat. Both are resolved into swarms of particles in 
‘which—bere and there—are momentary condensations. Fram 
‘auch a standpeint most of the problems of biology ditappeas. 
The following pastage from Professor Bridgman's Lone of 
‘Medern Physics (p. 35) will show how such point of view 





"INgut experience had teva restricted to Pbecemens aa aca, 
snd the cbjcts we were Cyze to coset bad bene uct ct 
(atv wapead ead Sin tesco tbe coset 
GeReet Naas tng wut ciety wend ave bees ech see 

‘ae Ort a oar sbyerts we tumbles f water we 
Sie che sr ert ecbs eae sage arco 
(Sed condestation and eae ‘by tor ucign eather 

ae ume alters bas wased ned bare 





This dtustrates dearly the paradoxes we get into throagh 
that inversion of abstractions and concreteness which 

‘8 6 result of cur habit of taking the provisional oltiznaten of 
science as ‘ more real than the expesience fom which we 
started in ordet to reach them. The objects with identity 
which we perocive aze certainly abstractions, otherwise they 
‘would be of 30 use to thought. But they expres the enduring 
‘earacters of events just as do the atams ofthe physicist, Both 
xe abatractions ","Thoupbt can, i¢ seems, acly work in this 
may and the abjecta of pliyskal science are enoctsoualy more 
abstract than tose of daily life and for that reason are core 
Valuable for sient parposes. Both wre impicated in nature 
‘a expremive of permamences in the characters of eveath. It 

= 
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‘we deny this and take the abjects of seience as “more ral "of 
amore concrete than the cbjects of perception we only get into 
‘he hopeless tangles which were discuseed im Part 1. Science 
calling the objects of perception abstractions "corresponding 
to nothing in nature "is a case of the pot calling the kets 
black. If they corresponded to nothing in nature common 
sense would never have discovered them, neither would 
physical science have come wpa atoms if thy * correspond 
‘to nothing in nacure*. 

‘The theory of the arganism as a perceptual object amid 
other objects, and their relations to events bas been discssted 
In the preceding pages. Front this it will be aen that in the 
Present discussion the entithesie between organiem ad 
‘environment is accepted as 3 genuine and irremoveable one. 
‘An organism without an environment is never an object of 
Experience and to» bivigist itis unthinkable in the senee of 
‘anmeaning. Thus il we begin. as good empsrical biology 
should begin, with what we observe, the organism in its en= 
vironment constitutes the complex with which biology has to 
deal and which enters as we shall ee into all problems con: 
ected with the cemaining antitheses, 

“The relation between crganison and environment doet not 
appear to be so simple asin sometimes supposed. The organ 
isn considered as an event exhibiting 2 certain mode of 
‘characlerization which is one of serie! change presents « sharp 
contrast in its regularities Co the shitting inconstancy of many 
‘of the contemporaneous environmental events. AS envicad- 
‘mental change may have any on¢ of the following consequences 
from the standpoint of the organism 





Accordingly there docs not appear to be 2 siznple one-one 
correlation between organic event and envifonmental event. 
Moreover a departure fromthe raode of characterisation typical 
‘of its race may be exhibited by an organism which s not huown 
‘to be coereiated with 22 eaviroamenlal change, eg, mutations 
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These questions ill sce fe. connexion with the remaining 
antitheres, 

‘Tha three antitheses which remain are the mast diffesit 
‘and most unzitisfactory to deal with at present, But they 
camot for that reason be ignored. Even if we cas dono mere 
than analyse them and expose their roots clearly without 
Deing able to overcome them, this in isel! wil be something 
‘accomplished. St will at least have the merit of revealing 
the avoidable obscurities, of giving us a profounder insight 
‘nta the dificultes of biological knowledge, and of making 
clear the problems which conlront che biology ofthe future. 





CRAPTER IX 
Tam Avrrreess artwean Paxromearion axo Encvasts 


We now dave to study one of the most important and 
mont didicalt amtitheees involving. as it appeate to do, 8 very 
Iirge part of biologieal science Protessar E. B. Wilson 
referring to the " problem of Preformatian and Epigenesia* 
1 hs great book oa the cel, writes 

5 erage ii protien. eccay ital: a 











eal ganece 
Seaton eects 
Secs, ae ears ana 
pe ee 
Prone Wo kay tn he pel gal ee 
the gms esate eta ae oat 
thaniowine™ Tra tac we tae m1 
Salis precy epee Kind nt th 
iby Spel spencer 
SoM SOS CE t a te toad see ba 
Tegra iad rc eer be sree, 
SECEs Guat the ay fe ee ence ug 
Si ieenseneeti te Hen duy io oom 
Sd what pchty te ion te aly 
‘cannot be shirked by handing it over to ‘ metaphysics’ 
‘We have first to ask, thes, what o meant exactly by the 
terms ‘ preformation and "epigecesia” und what precisely 
SG polar at veh ual feocmesge ce ces 
And to answer these preliminary questions, to disentangle sll 
"rico pete Yok spe 
Ps 
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‘the complex lacs involved, is ite! wary task. Tt ls cow 
‘whlch fp ca all he moce dificult by the esal table of 
Tiologite of neglecting such necemery preliminaries et the 
smset of discmsioas of this kind. One Ging serve tlerably 
dear that the concepts of prelormation and epigeneis have 
10 do with dendopmental proceswa and consequently ont of 
the Sint things to do will be to diacover what precisely soa- 
tutes a develpmental proces. The doctrine of re. 





the theory of epigenesis, whatever ebe it may imply, 
‘that development is na simply & question of crease of scale, 
but « proces in which a genuine increase in" eomplexity 1s 


Progresively achrved 

MY we veler back to our discussions of permanencts ot 
rgolartics in nature in Chapter TUT we see that development 
ia serial process manifested as changes in the mode of 
characterization of the successive temporal parts of an event 
Iknowable as one enduring thing, te. one individual organia. 
‘We know that it is 2 regularity ot a recurring, and benoe 
recognisable, mode of change by discovering that it charno- 
terizes a great number of sirailar things. But we also find 














changes 1s related to ont or more other erpanitm, alto $9 
characterized, by the genetic relation. The developmental 


Sroces fs thos serial frocess which i repeated fn agente 
eeeuton oindivdealy so that given succuen, conser 
It continuous proce as a rhythmical character. 

Wie ry contrast this with the sell changes exhibited 
by a given cryntal of radrur salt. The fact that tis ib 
regularity a alo discovered by Soding that it characteriee 
feat mame of other fdividual things ofthe same Bd. 
So thse tava Ghings do not standin genetic relation 
teres anh, an he eal roc ot aly 
patel n= ee i Mea ras 

Te have a reverse direction to the whch 
Enarecteras the ratioctive sala In the former thee fe 
increas in weight in the later cease. ue i a nyntetic 
process, the oiler an analytic) ons. T= ane there is ease 
SPcomplity of sone sot G2 elaboration?) in the ober 

1.50 pen te: 
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here fo decrease in complexity, either in the sane or in = 
diffrent sense, 

‘The genetic reiation is wack Uuat 2 gives individsal y which 
genetically derived from , war at one period af its history 
it part of x. In other words, as we trace back the history of 
9 We bnd & persed in its history which is ato a spaho-teroporad 
Dpartof Or, we may put itn this way : Given an organism, 
{Fa temparal part of it (provided it dors not" dic young) ib 
tach that ic Becomes divided into two spatially separated 
‘parts, one of which (in Metazoa) continues o persist as further 
emporal parts of s, whilst the other is regarded as the Degin- 
ing of the history of y.! The successive chasges which 
charecteriae the history of y are appronimatey «repetition of 
the changes which characterized x. Hence (he geneUc 
‘wceemion conaticated by x. 7... ete, exhibits approsie 











Now the secessity of introducing the qualifcation* approxi- 
iiately "raises a problem. Why is i that the veial changes 
of y are not exacily a repetition of the successive changes of 
11? Ta tbe case of radiar the changes which characterize ane 
pecianen appear tobe an exact replica (as far as wur knowledge 
(ees) of those which characterise any other specimen. 

TW Asmec : Became the serial changes characterising 
‘the history of any organism depend spon the environmental 
‘events which are contemporaneous with it. Therelore when 
‘we find that y does not repeat # exactly thin ix because the 
environmental events simaltancous with y were different from 
‘hose which were uzzuhaneous with «. in the ease of radiuon 
the changes are idiflerent to environmental conditions, Bist 
this will not do becante y's well as » may also be geneticaly 
eyed froma 4, and may differ markedly fcom y in some 
Aadenie reapect, which cannot be corelated with envizonmental 
‘ifferencea. Contequently this Grs\ answer runt be amended. 

‘and Answer [is admitted that if ¥ and y have diferent 
uviroamentat conditions they may be different, ut since 
‘iderences appear which aze not correlated with environmental 
‘difirences in this way. it faows" that im amch cases they were 
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immencntly different, In other words: y' and y diflered 
Hbronghond their histories, and oot merely during the later 
erations when Urey were perceptibly diMlerent. Thus the 
ongaaln dering its history exhibite a seria of changes of {ts 
characterization which is approxisaately similar 10 the setice 
characterizing other individuals genetically related to it 
‘But ita characterization is dependent partly 09 envizonmeatal 
‘conditions, and partly on factors {whatever their nature way 
be) fonmanent in itself, and the factors immanent in. two 
‘cgasiama lowly related to one another may be diferent, 

So far, thea, we may say that development is the name 
ixiven to the serial change in the mode of chasacterzation of 
‘an organism inthe course of its history, oF to the serial changes 
‘exhibited by the mode of characterteation of an event which 
is knowable as an enduring organism, which is ax individea! 
rember of 2 succemion of sath individuals in genetic con- 
‘Uawity, each individual of which exhibits appromaaately the 
mame serial changes. And such acral changes are dependent, 
im 2 givea individual, on {1} the contemporaneous exvizon- 
smental events, and (3} on factors immanext in that organism. 
But we bave not 20 far said anything aboot what such factors 
say be or what precisely immaneat in’ mane. 

“The doctrine of reformation, in its oiginal form, appeacs 
to have identiSed the "immanent {actare' with the whole of 
the newly scparated individual, and to have supposed that 
this simply underwent a process of increase io volume. In 
its modern form the doctrine appears to identi the immanent 
factors with spatial parts of the newiy separated organinn, 
‘which ase manifested Unsoughout its history, and to regard 
‘such parts as being related to the mode of characterization 
of the individual as cause is vlad to effect. 

‘But the notion of immanent tactors arises, as we have sen, 
sehen we compare one individual organisa with another which 
{a genetically related to it, but which exhibits éiBerences in 
its more of characterisatian which cannot be correlated with 
environmental difarences. Thus the doctrise of immanent 
factory is primarily concerned with the diflereaces beeweea 
diferent organises ox between diflerent races af organisms, 
‘And this conatitutes the subject-matter of geoetical study. 
Bot the atudy of davalopment, on the other band, is ane which, 
‘theoretically at least, could be pursued withoot reference to 
‘ther organisms, just au physiology isa atady of the individnal 
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which could be psrsued without referenve to other 
‘The developaunt of the individual is a serial 
‘proves and It is this cera] process which isthe subject-matter 
(Of embryological study. The theory of developement i, there- 
fare, concerned, not with the differences between one orgesiam, 
‘at ave rane of crganiscmn, and another, but with the differences 
Ietween one durution and asother contsining diferent tem 
ora! parts of the same racism, Thus genetics and embry: 
‘logy are two quite diferent studies which should, a¢ the 
‘outeet, be pared without prejadice to ane another. In 
‘other words: the difference between a ran and a monkey 
{sane topic of stady and belongs to genetics, bat the difference 
‘between a man when he isan egg and the same man when he is 
(twenty-one years of age is quite another topic of study and 
elomgs to embeyalogy. We require, therelore, fist 10 
examine the serial process. which consticutes. development 
mare clowly to ae what it involves, and then to examine the 
resent state of opinion regarding the genetical question, 
‘We sball then be in a better position to understand their 
relations to one aaother, and also to anderstand the nature 
of the antithesis betwees preformation asd epigenssis 
Modern biclogy—unlke eighteenth century biology— 
srcognizes two kinds of development : (2 individual develop- 
sent and (2) racial developenest or evolution, and the ati- 
‘esis between preformation and epigenesis :# Liable to arise 
in regard to both kinds of development. Consequcatly the 
icussions of this chapter fall naturaliy into two divisons— 
the frst dealing with this antithesis ae i concerms individaal 
development, and the second dealing with the problem i 
‘elation to racial development. 


Divivion 1: Indiwidwal Decslopment 








‘Our fiat duty Isto get 2 dear notion of what happens in 
fndivial development, and T shall thercore endeavour 10 
{hve an empirical devcrption oft onthe basis ef the discuaiona, 
{athe foregoing chapters, making we of the terminology 
1 the sections Gealing wits wabatance, causation 
organization. This will naturaly involve. modes of 
which dier fom Case now current bat 1 hope 
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‘thls wil be compensated by 2 guip in clarity and by the 
sdivantages rerslting from viewing old probiems in a new light. 
‘Wa siall bave to try and find an answer to the <qections: 
Wit ety 6 hat devin pre, Sd wat 
‘Tho individual Living organism is an event—-a spatio- 
‘twmuporal happening. Far buran experience it i not «8 
certain perceptual object, samely a given animal or plant 
of every day life. And this perceptual object is « character 
fof an event. We kaow such an event as 2 peraatiog thing, 
‘that is (0 say we know the event which constitutes the organ 
iam ws having a certain permanence of characterization of a 
contain type. It is of the type which requires cime in which 
‘to diaplay itsell, since successive temporal parts of the event 
are diBerently characterized —it ia noa-aniiorm object of the 
verlal type. In other wocds the perceptible organi pervades 
1 historical oule,* oc bandle of historical utes, and we are 
‘concerned with the earlier parts during which, auitix commonly 
, the organism exhibits a progresive inerease io 


‘complexity of form, and the term is usually oaly 
10 this period 
je wll Beyis the description of the developmental period 


in anihals withthe frtard overs i the iaoal way. Tak 
in commeciy relered to as "a cell” but for reasons already 
{iver {p. 296) 1 sould preter to say that (fe the character 
tthe event whichis known asthe developing oxgeism which 
‘haraceriaw it caries temporal parts, tone namely in which 
ierexnibits the eellype of organation, We must guard 
Against confusing » whole with s part. if now we consider 
‘coma small ics ofthe hiory we 8d that tis call ype 
of organisation fs not merely cepenid in coe 

pares, but is also epattalysepested, mo that 
is th creat which Se cxgninn charac by 4 
idereat type of organisation, namely two contemporaneous 
‘als often ated boone anotber tn a detaite mente and 12 
Some plane of en eazer dice. Ths the cllaype of organi. 
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enw esate ed Se ob a eh foe td 

parte of the event which is the ongasiam  Thia spatial 
epetition, with temporal passage, of the cell-type of organisa 
‘Hoa continues, and coastitates the type ot charge we cboarve 
uring the period of Geavage. At the same time it most be 
remembered that, in some organians at least, the datribation 
‘of the parts may be experimentally disturbed without imparing 
‘the “sormal coarse” of later peciods. During the period ot 
slaavage, chen, the organiam, trom being non-celalar becomes 
‘nllatay, (its spatial pares are wow cells, the oath 
{ype of arpunination, woereas belare they were nat—they were 
cek-parta, Moreover we now nat only have cells ap parts but 
call In certain perfectly definite relations Yo one another, 
‘Consequently it does not now suflce to apeak of the organise 
‘considered as a perceptual object as simply an agrregate of 
‘els, but always us having an ceganization aleve that of a call, 
‘as having, that is to nay, cells as Characterizing rei in certain 
dette organising relations. 

‘The next step is the appearance of cellar parts, ie. of 
<intinguishable spatial parts whieh are theraseives conatituted 
of cells, This happens in the peocess of gastrulation, As this 
series of changes continass we can discriminate parts of new 
otder—ogert-layers-—aod thus a third type of organization 
appears at characterising the whole during thie pected. We 
Ihave, namely, the gastrulation pattern as the type of oxgan: 
‘ation of the whole, and ip this we can now discern two parts 
—tay ectederm and endoderm—ia 2 definite spatial relation 
to ome another. And these are themselves erganised, their 
part being calla (ie ' known a” cet) in a definite celation 
to one another. Thus we have already a hierarchy of parte 
fm organizing relations : (:) celular pare igerm-layers ; (2) 
amvceftalar parte (cella); and (3) celkparts (chromosamner, 
Goigi-bodies, etc). From now onwards every part of the 
‘rganiam tan be put into one of thee categorica. Mortover 
it should be noted tbat certain types of parts bave been. and 
coatinve to be, present throughout, camely, cells and theit 
cxll-parts, ie. the cell-type of organization Now certain 
call parts do nat develop, eg. chromoromes, prither da Dey 
‘exint except as cellparta. Thun the celltype of orpanizatica 
“appears as the iredgeibla minimer which forms the starting 
‘Polat, and in spatially repeated by division, to form the spatial 
pettern characterizing a given period, with ite parts in a 
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‘definite relation to ove another. With each division new parts 
‘and hence sw slations come into being. But over and above 
division there is © progressive buiking up of parts of the 
‘alfolar order, themscives in definite relations, Thue we can, 
‘oow ay procisely what it is that constitutes development, and 
‘what itis that develops. Cleariy we can say at once that what 
develope—what changes—is the mode of organization of the 
‘event which is the organiem. The ovum does not develop 
into the embryo. The ovum isa character ofa fexporal part 
‘of Une event which is now past. The event does not change 
‘except in the sense of receiving accertions of new teraparal 
parts with the passage of time—the creative advanes of nature, 
4 Protesoor Whitehead call, But the new temporal parte 
‘exhibit # progresive change in their spatial characterisation, 
Indicative ofthe coming into being of mace andl more elaborate 
types of orpanization. And this is achieved by a spatial 
repatition of the coltype of organization, and that in its tarn 
in achieved in virtue nf the peculiar property of this type of 
‘organization (o dive into (wo spatial parts each having the 
sume type of organiration and che same intrinsic properties, 
("immanent factors 

[Now in one sense of the term the process, xo far as we have 
described it, ts an epigenetic ane. AL the end of, say, guste 
lation, we have a type of onpanization which was ip ne sense 
“preformed * at the period with which we started, since this 
type of arganization invalves celllar parts, and such parts 
kd not exist during that period. On the other hand, what 
id exist then, and in that vemie wae‘ preformed ' was the 
texlltype of organiaation, which sill exists ow, but as charac 
terizing not the whole bot certain repeated parts. Thus we 
have all three sotions—beoomning, change, and perisieaee 
illustrated : the event comer Detasse ACs an event; the 
type of organisation of the whole changes in a certain direction, 
Le. develope ; and the cell-type of organization posits by 
spatial as weil es temporal repetition. Als the organisa a8 
‘one subetantist thing persists, i. there és continuity in the 
‘mode of characterization of the event which is known as the 
crganiacy in spite ofthe change ofits organisation, and throvgt 
this continuity the race percsts. 

‘We come finally to fourths type of developmental process— 
the appearance of eiferences Between cells apart from their 
<iflerences in their relations fo ane another, is. the elaboration 
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of new sell-parts, or what is commonly known a» histalogicl 
‘ifferentiation. Tris fa a process shich may be encountered 
during rarly periods Dut is eepecially characteristic of the 
later ones. Thus if we consider the primitive got itis at rot 
2 cellular pare having pechape from an early stage two types 
fof exls in a deBinite relation to one another and constituting 
‘two callalar parts, neely an inner epithelial layer and ao 
‘outer mesenchymal layer. Later the outer layer undergoes 
farther elaboration into two diderent cellar layers {u one 
‘of which the component cells are transformed into smooth 
muscle cells, and in the other of which blood-vessdls and 
connectve-tiawe celle are elaborated. In the case of histor 
logical diflecentiation we again evidently have an epigenetic 
process since the typical organisation of a given tiaire cell 
‘eas not preformed. This is eleatly shown by transplantation 
experiments, On the other hand, cll-differentiation of early 
stages in which, say, yolk-laden cells are difleentiated from 
yoliclas goes is evideatly a process of sundering of 
‘differently characteried, but Sot ope of elaboration! 
cellparts, 











‘We now require to consider some of the major results which 
lhave been reached by the experimental study of developmental 
[procemes.* Such an experimental study tually takes the 
Form ol either: 


a arpent we a lal sso oft parts 


(0) Signin agg hw the “areal” envisameet 





1. One result ofthe Sst method has been te show bow icn- 
portant is the difference between part and whole. If « part is 
Separated from an embryo it either behaves at a whole of it 
perishes (perhaps after exhibiting some further developarental 
changes). It follows the “ AU er Nothing Law’. Tn some 
‘eases the two bltomeres of the two-celled stage can be 
separated and each behaves as a whole, This may alsa be 
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‘rue of blastomeres of later cleavage stages. Convery wo 
‘wholes may be made to fase to ‘orm a single whale. Ta all 
{sen of separation wat is separated most be 3 leat a the 
caldevel of organtzalion iis to persist. A part behaves a8 
part so Jong anit isin an organic relation to ofher parts, 
Deatroy that relation and it ether behaves a8 whole of it 
pevishes. Tease cas it hasan organic envivonsiet in another 
Si inorgusic oe. Ifthe part separated has an organization 
hove the ealltype it will exhibit resttative change if it 
perist 

'A second reuit has been be discovery of the distinction 
between what we may cal ‘indierent* and * slider 
lating parte. IndiGerent parts canbe interchanged nd te 
changes exhibited by them wary according thet relations 
to thee parts. tn selfdierentating "parts, on the other 
hand, the serial changes they exhibit do hot appear to dif 
when they are transplanted to abnonmal sitgtions. Their 
“fate ia said to be "herksnftagemass whereas that of the 
former kind of partis“ ortigerisa."” This apples alto 1o 
regenerating tisiues in some cases. In the experiments of 
Dr. P. Weiss a young pice of indiflerent cue 
{rom the stump of ve amputated tal the newt developed 
Inc a fg in sve cases wen it was tranaplanted tow leggy* 
station." owever, the anpantation was cared out 
ale, when the developrest of the regenerating tissbe 
progresed further, it developed icto a ta i the aboornl 
Btdion. Thus we may say that i chose orgasica to which 
these facts have been wothed out there ae periods ia the 
hiptory whieh contain spatial parts whowe characterization 
depencis on ther latins to other pacts," bat that wx sutceative 
Aemporal parts are vealized new spatial ports are elaborated 
‘whose further history ip respect to developmental changes is 
‘ot variable in accordance with thi velatione to other part 
Moseover« pice of tinsse from one erbrye of given speci: 
can be tranaplanted to a diflecent regicm on x specimen of 
Another species and although it extibits its specie character: 
lation throughout it will take its place in the new staation 
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spd behave ‘oragemna, jut ws in the cae of trumplantation 
to ux embryo of the same species. 

‘2. Expepests Involving Gepartures from the normal en- 
vironment bave shawn that various chemical ingredients are 
Ccocatial or moral development. Certain marine eg) ot 
ramp require calcium if the blastomeres are to rem In 
sie poral Uolegieal relator Excess of mapoediem 
Choc rls in cylopian mocaters in certain fe, oe the 
‘mine result ay be observed under other abner) enviren- 
imental conditions. Speaking generally many deviations fom 
the typical environscatal creumotances result either in the 
destruction of the organi orm quaniative vacations in the 
Sevelopmental proceics, eg acceleration or retardation of 
‘allviion actording to temperate. The eavicunmental 
events exhibit certaan broad unchanging or thythenially 
‘hanging pervasive features, but over and above in there fa 
(ood deal af change which contingent. Consequntly 1 
{ro onanians cap be said to have enscly the same envi 
‘ental conditions, although ia organism which develop in & 
Shell or jn wero a closer approxization to siilarity 16 pre- 
sumably reached. ‘There appear to be a certain Tange of 
‘aration of enviransental conditions within which develop: 
‘Dental proces do not exhibit deviations, bat it dealt 
{0 say bow close the relation is om aeconnt of tbe diticulty of 
‘stinating the *samencas” of two ores 


Although embryology is primarily concerned with the prom 
ces exhibited by the single individual organism a3 such It 
‘Premuppoes a race for obvious reasons. It works with the 
concept of “ normal’ development, and this can only be 
‘mache if there in available a supply of embryos all cranifesting 
‘uch the same series of changes. Moreover & given embryo 
‘manifesta its series of changes once only and corseqoently an 
‘experiment can only be repeated um another specimen which 
in Presumed to diflar only namerically frota the frst ' forall 
(practical purposes. Now genetics. on the other hand, doce 
‘Bot appear to be at all canceroed with developmental procttes, 
land would be quite impossible if caly ene embryo were evail 
able for stady. because it is emoxrped with the 

Dbetweea orgeniome which are genetically related to ope enctber. 
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I seudicn the didcent charactors of related orginioms and it 
scales the origin of Une diferences Uetween ther characters 
Sappose an organism O° has » port P characterised by 2, it 
is pnb fren mece inspection to say anything above the 
rrture of sich en organiom from the geactk point of ew 
Tis genetic roperden an only be discovered by examining O” 
in ts place fa the genetic secs 0. 0°, 0" —if for a mae 
wre omit complications Uavolved in\ sexual seproduction, 
itis oken foond that al membere Bave PB we aoa 
was unvarying in espect to that character. 
1, however it was found that the predocemsors of O” all had 
P characleriaed by w whilst ls successor ll continued ta have 
‘Phowe should sei ofrtation. But this wold only be Moe 
fe aarumption that the environment & fas been Constant 
for alt the members. I we have EO'Pre and E'0"PO the 
Aiference between O” and O° would be regarded a a conse: 
‘quence ofthe difeence between E” and E and we sbould speak 
Of tmadideation of" continuous variation Bat oot only is 
the envizonment, the spatial part and the character required 
{a be specified, bat alo the particular dusation of the history 
known a O° ding which the characteris reanifsted, ip be 
volved, Genetcists have chiefly dealt with adult characters but 
characters manilested during other periods have been studied 
and om the theoretical point of view it is ebvicwly quite 
bitrary te limit genetical arody tothe adult periods. Cone 
quently the (ull lrmue for comparison of one history with 
lanather is EOPeD where ¢ standst forthe character and P and 
‘for the spatial and temporal parts characteried, and E for 
the conteraperaneous envircamntal conditions, which may or 
‘ay’ not hawe been mform. We appeat to have two vartblea 
E and 0 upon which the character © of PD depends. A 
‘Variation in ether may result ia change inc. The problam 
{i how we are to conceive O in ord to 
cbeerved by geneticits. 0 is 
constitute pafl-evests in organic relation. Similaly i 

















10s ame in acts wh the cau penne, hake 
{latin Serreeg-orpenars ang) acovoanent i super Daa afpeat 
Tabetbe cane Cl pp see end 33 

‘eore caracty ¢ fads fv 3 dclerninate character under a gic 
ecerncpabte a, She dete 
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complex of events the part-eveets of which are not related in 
fanity. Tt is wbo clear thet the character ¢ stands in 
ar felatlon which is at Jeast four-termed involving both PD 
‘aad the relevant part-events of Eas wrll as other Ps 
‘Let ue compare the above with a case from chemistry 
Coasider «crystal of copper sulphate. 11 isin & ry stop- 
Yottle we speak of it as Texistiog in x state and ex- 
its qualitiee=colour, shape, ete. Ht it 18 dissolving 
in a vessel of water i is sanitcating a property. We sf 
of it ava particular specimen of w ceria) substance, Ul we 
faze glven another specimen and are in any doubt aboot it we 
plas in various stuations and observe its changes. under 
the eae conditions it exhibits the sazse characters as the fret 
specimen we prosounce ther both specimens of the same 
+ subetance.” If they Behave diflerenty we either regard thee 
as differest substances, or we lock more dasely ints the con- 
itlous to see whether these have varied This procedure 
4s exactly paralkiled by the procedure of the genetics. Tn 
all cares the characeriation observed is a Toamilestatioo of 
the “properties "of the thing amd of its environment The 
skasoiation of the crystal in water is a property of bth erystal 
sad water. Sirnarly the characters of the organism ae really 
characters of the organist and its envizeament 
‘Moceoves, just as the crystal is an exemplication of a 
chemical substance tn the "seoodary meaning *of substance 
in Aristotle. so an organitm san exemypifiation of secondary 
subitance—a ‘biological substance namely the race 10 
‘which it belongs, And just as the chemist distinguishes pure 
‘aed compound substance, 20 also the geneticist trengizes pure 
‘and mixed racez. The comparison can be carried further 
Stil. "A specimen ofan elementary chemical bstanee cannot 
be altered (except tn the case of radio-active elements which 
change spontaneously). And similarly. although the gene: 
‘lat can change mixed races by cfoating, the pure faces appear 
to be extremely stable andthe changes ‘called mutative 
changes are rare. Thus the problem is fo know how we are 
‘extremely stable entity whee mane 
the observable characters of individsal 
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organiza which are, of coarse, masitettations of Sth organic 
nd Inocgstc envieamental events 

"We must now cecal the important dierences between the 
lemioal a2é. the Dielogial “secondary substance” The 
Individual speciznen of x Uclogieal race Is genetically related 
to other specimens, snd fo one or two in it seated 
48" immediate uctrmor "This le not the case wit crys, 
Moreover a given crutal.¢g- quart fo natare merely" pert 
inva state" in is normal environment, ov sock change a it 
may exhibit are directly cocelated mith contingent emvcen- 
imental changes. A living organi on the other band 
fanitats sca change n'a constant normal eneronent, 
These are the two principe) diferences which ae responsible 
fay the fact that there 3 peither exbeyology nor gesetes in 
sheitey 

Tt i evident that in both casee—both chemical and bio 
logical" utatances we think of something pension i spite 
al the chenges of fe characters, sod this Fgarded a8 WDE 
in port reponsibie for the peruatent reguanty af those 
changes. “Tt appeace Ghat u given event which Is knowable 
in this way har ance pectsteat propery open. which its 
tharecerisation depen and peckaps Gas 's what Professor 
Whitchead merns ween in connenion with percepteal objec, 
te speaks of the contra of lagrsion "ef san into event 
Now an organiom, as we tave se, extibite» developmental 
series of changes, in which ies dafcrent spatial pares focretae 
Sumber and in thet ode of organisation, a0 that greater 
And greater divenity of characleriation becomes posable, 
And fhe question we shall bave to consider is the question 
‘whether that which ls reponable for the characterization i 
Uo that which i responble fr the repear series of changes 
Te cote “be increme io Sexananion Oat ae 
‘hil there fs another post of compartoe wit Oe chemieal 
{ubstance to be considered Both are cegarded on partiulate 
fr wlomie. Bot tn an organism only a part of the minim 
{ype of organisation which capable of independent exintence 
{Breguded as being the eat of that wpon which the persitent 
‘properties depend namely the chrcmovaren, since Kappes 
{obo this which is ately continuow in the gretc re, 
Ad, in serual repcedaction, ls contributed equally by both 
fee.” tn both chenica) and biclogial examples dierences 
fn characters in a constant eovironen! are inerpeted 
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resulting from diferences in particle either i> Kind or arrangs- 
tuent, But the whole ceyval regarded ns removed of thew 
partis, whereas in the case ol the oxguain only par in 
ippoced ta be composed of tbe particin Mende, of Gree, 
firoigg ewe Alte rp vm atin np 
ie haracteraed of spring The gern <li 
‘were ther ent emparl pars wee ‘idcrent. Bat saoe 
{Be germ callin a give individual te requived tobe dierent 
in order to account for the distribution of characters in the 
‘tipeing. und since there is every reavon belive that the 
‘ivisions of coli ordinarily ae equal (te. purely quantitative) 
‘ic ie believed that the peculiar division which precedes the 
formation ofthe ripe germ-cells is x qualitative one in which 
diteences between germs axe eablsbed. Thece will 
De as many pause difleent germ<cll ab then’ are dierent 
‘ousble modes of division. And in order Wo alow dot theve 
AGiicrent modes of divsion the chzomouomes ae ceqarded 33 
purtcnlate, and in cases where the expected numbers ae not 
Bieerved iti aecesary to assume sbrorralities in the weal 
wmode of divisan. Where sexcal reproduction occurs each 
individual specimen of « bicioial "substanor "wil in fact 
be double and it will he pores the set contributed by each 
Parent the se Bat that onc ati suficent i hows by 
‘anes of the occorrecr of parihenogenesisi8 which only one 
is involved 
Te would be exavemely dificult at preseat to form any 
opinion regssding the pecse meaning tobe attached to the 
Moertce that the “immanest endowment upon which the 
Prsutent propertic depend, is particlate of atamic. This 
(rould have ta be dscuted as x tpecial instanceof Ihe wider 
les of the easing of the atomic carci of evens 
He ciony mut ao ane the vs pete of he 
chromosomes which is sel « character with what is thereby 
eharactetined. Thece is one more point of contrast with 
homie aches which is worthy of vote, If you have & 
Specimen a on dernestary vubetance, ay foo, a gives volume 
4 always amoclated with a peristent meavurable character 
4. wight, even when it enter into compound substances, 
land it is very lugely on this tact that chemistry depends 
‘But ie biology it as 20t so lax born posible to dincover any 
‘ch direct and simple relation between a meavuzable character 
sada given vainze ofthe“ biological subwtance' 
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We have now to euay the extremely dificult task of 
vestigating whnt is involved when we try t0 Bring the cemats 
(of genetics into relation withthe results of exibryology. One 
leaportant point should, 1 think, be constaaty borne t mind, 
Enbrysly dele with te proce of development gies 
organi onthe tsuption that this is typical of Fs Tae 
deals with the diferences between soccessive temporal parts 
fx alice f the same organise in so far a8 these exhibit a prow 
Iretive increase of organization. Genetics, on the other 
Mand, deals very largely with telauvely roirote diferences 
fn the mode of characterization of a. gwen spatio-temporal 
part of one arganisn as compared with cereparable part ia 
‘ther organises belonging to the same race. Hence the 
{actors inrnanent in the history of cach organi a¢ primatily 
concersed ‘with the ode of characterization, Tt would 
appear, therefore that the question of the relaiion between 
genetics and erbryclagy 1 2 question of the relation at 
‘rganization ‘a. characterisation. Organitation ‘sles out 
of the relations between parts. Characterization is expressive 
‘of diflerences between the parte in theitongetising reations, 
Owing to the importance attached to the mut by the 
eneticats it x nol surprising Unat it Bas ako attracted the 
Sttenlion ofembryolagsts and that attempts should equently 
have been made by them to discover in it a key tothe wadet- 
standing of difereniation in development. But atthe present 
day these attempls appear (o have fale. and it would not 
bea misrepresentation othe general opinion to 227 thal the 
view most coraronly held now in that nuclear divisions are 
‘ually equal except at cious. Tn other words its believed 
{hat apart fom the mature gers-<ells the seelel throaghoot 
‘the body are equivalest in their chromosome constitution, 
Prateasor Wien «ays: 
“rm Shy Beenie erp et nage three the 
Perak! ‘Eat cert it 
Se seek et Se ce earch 


‘And speaking of Deiegch’s presare experiments an page 1055 
beadda: 
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“spe o he Maton on. ete fa fe 
eta biernee geatecirt 
Res Seater Coogi econ of Dogs 

‘This beng the cate attention was tarned tothe cytoplasm, 

and great hopes weve attached to the isovery of vibe 

Aeron in dideest regions ofthe cytoplesm e certain ee 

Bat thipatempt ako has wot met wilh the sacoe which an 

hope fom it Te eas foe that in Tay cones sch S080 

could be cetiged away witout diturting development 

The "vale materials” are net the "true orges-orming 

Abrtanes say Profeeot Wilbon, bat 











‘Thos the notion of orgen-forming substances is not given up 
Dut refuge ia taken in invisible *structureles fundamental 
substance. But there are great difScalties in this 
Hypothesis alo. Profesor Wilson ‘himaell pointe oot on 
. r079 that 
"the cm regaee can be thowght of seine sharply cient 
tor a cbnaaly feed areas Tee ope te not 8 aed mtcbaaical 
e i 
{a teed toward «certs srowpene te the aq.” Toe prdeainns 
{Gon oft garm-tesoes i ptariy quantatve: thought qual 
(tte fact als prensa Somers Gens anc 9 
epentny contr Sacecans 
When later Professor Wilson comes to the orgas-forming, 
substances and the ceatrifage experiments he says: 
Tae Aiicuty of coaceving ow the priesinat enguaintioa 
al he ogg cae Be bowed up in gerd Sr armvequd faba, 
mek ns We Byaloplner eltea meres a be obvisen Lae ged 
(Cochin tye acorteg'y anger ta lve ot = relatively Get 


SaaS 
ks oy rh he aig th at oth wo 
eerpeataay sere ecgenrerid 
tent eotdcey pane Eo age 
ei ene Te aera Ey 
pw toy aa, “Nines ty soa ote 
I Seta Cee ee tone are 
SE Se Say 


1 The CoD, prety. Tie Cabs p co, 





PREFORMATION AND BPIGENESIS 551 


enn So srl evymet. Adin pt fal hat 
Si been si sat the crops Prenat the 
totals beck pis) ye, Feral el enon 
fy be detente bythe eae lew by pecan 
in which the nucleus is concerned.’ But it, hee very 
probe, the wockes de ney di enced 
Frey vial rr hs oe at ip wt dese aayiog 
SGX i adopmente poser it prior 

‘hen nue td pac te Casto to ie 
tote erent of eg th gaia poe 
Nais'cait'In Wes tnd annals Ge emia 
probably remarahy unrated can hercre hardy be 
rok acount he proeae mane erent 
‘heme drvelopnent. Pre Wisp aiuto is 
Daa every eontadioy, On pg be ae! 








iustdrotaeruegneey eet ort 
Seta ret weeping coe 
‘Bot at the end of the book, just after the passage quoted above 
secant beng Seared yr See 
ces ee 

Tone peso ey ti eth rien 

Suiwmavae eres 
Ad, nya age ‘sb nh i at 
Seat Mince: i tein See hs 
Sin tc: “aaa Stage 
Tea ae a oS tenet 
ste ah Shean carpet aia ad 
hic Wiberg i ata, 
There nerf es ll pa 
sed patem 








‘These difficalties strongly suggest that something impectant. 
has been overlooked. The embryclogist seems to be caught 
in a circle of nucleus, cytoplasm, environment and beck again 
tonucteus, rom which he does not excape. We must therefore 
ty lo discover the root of the didhealty as a preliminary to its 
removal. In the first place itis clear that rather erade notions 


$08, op. 207. 
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abot ution are ing wd snc ty enbroeit 
Fetes Wey, br exp, i oro he tre Pas 
Phono Gningeah Litre iat eveupa tn 
"pimary oder coe tb ne the 
lect os gene sod fenisn et 
seabtlAdiiestns abt mdr cunt tron 
Spar decipiens eal expen a Sc 
ten ihre got el tbe oe by wy ot anang 
‘Ubese distinctions carefully and making dear what they mean, 
Stvay curve the ea art ak craton ted 
Sita gt ety sendy, Ro stern pd 
tothe ames een wee wen tT 
ies gnats teny tS eet a he Sino 
Ianto he ret th atl ttre 
parte py eee latent ene, 
‘Ria ace and te ae norton sia od ay 
the epigenetic character of the developmental process has bee 
‘eloctantly if at all achomeledged. A step forward io the 
Sictan of oreoming te Gta Miss 
terete inom of crest aed toate wk 
thacharcirs he areal arte fcr wih 
itaor sane esi tng Sued ino 
truncate ot areasain Ieper 
Sine erenpmental fon arent cer Te shen 
canta he rant sc snd genaty ged Wo 
xyes I vtigag te oop po ah 
‘Greene none the tj sre 
undp et notte he what kot 
Ie ade of tht adequate 
fad. "Embooray nen rate freemen oo ese 
since rn hem JS 
teasers ree erent 























This is not the place in which to attempt the construction 
ot a theory of development," but it will not be amiae lo make 
Lap, Intradcton, & 
{Por quad ariel dcemion of metern theca of Savcopctch 
ee Eetaaniy, Krvierks Thee der Formnsdang, Bako, abe 
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soroe sugrations towards & removal ef the above dire, 
enuning the dagunie te coves Fort. regarding the 
tplgoetc character of development: tis hat boas obscored) 
it part by the traditions persiatng rom he orginal cel cry, 
ey way of expeesing the fate of drvecpment in terme of 
the call sype of organization as being apstally repeated 1a 
division brings out clearly this epigenetic character, because 
swe swe at once that the very Gat set of cevage fase ne 
icra of organization. For after this act-we ow have {he 
stlode with two rts hth exiting the ce-type of gaan 
tion, whereas bore wo ony bad the mind s character 
‘Now thi aiing of the level of rgeraton even one 
involves and exis with fx great al mote, With the 
Appearance of two new parts we bave at the same time the 
Sppearance of new (spe ol relations Thisiceetty shawn by 
tun ove. {nmany cance thee fs every reason co Belew 
that these two parts are quite equivalent in their intrinsic 
biological properties Separate them and cach behaves 2 € 
wt ase them in thc rama tran the pr 
Tesalting om their (uther divison yk diferent par 
the ce wecke Dot Ws ls te cas we batt mo cous 
but to Interyet the liferencs between the two cates 
reauhing from the ifrenec im the relations of (Wo 
Uiatomeres in the two cases. 0 hg ae they constitute 
{art of one organic whale so long ar they diferent, although 
End im vpste of the ct hat one in not tnasialy iflernt 
{rom anather Com che tation exprewed os” Deing 
Dara of ane whole" nan internal aranizing retin Now 
{his reason becneen two oc mere blastomeres, whatever ee 
4 may be, a spatial relation It Das offen been pointed oat 
thet the ate ofan ebryone part soften dependent omits 
spatial relations. Bul embeyolopists have alma invanahly 
GGeregurded sich relations as being in any way responsible for 
fiterentiation. I, bowevee, we reeard sgaia Petia 
ingrnal teatons, so teat parts can be dierent eae of 
ferences infec spatial sates this sorption might bop 
1 to overcome nome ofthe dfieulies of embryslogiel iter 
Prettton, The Undine atitnde of enbralogts i wll 
{Dhatrated by the folowing passage fsom J. W. Jeakiaaen 




















nt Ati of part in magnet be decrained by 
(detace ten the pe plats areas etapa, fe ae 
Soins ths tan formulas "i's lanelon es poniton #2 IS 
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1 wed, howwver, by stsard to suppose that the 
Sia re ee alae 
(ilaes tae sd poke fai Se np 
oe asi poe a intrest 
{geet an tear wth re wich tee fon 
SASS Spe Se grt lh Be pet mua sn 
[Now this is a very a priori way of proceeding. We cannot 
‘etle the claias of rival theories in natural science by calling 
(ne of therm absurd.” We have to fd out what fs the cay, 
‘Why must the animal pole be supposed to "exert an inducnce 
‘with x force"? AS s00n as we Degin to fal aboot influences 
‘and forces we expose ourselves to the dangers of animistic 
metaphysics, whether we cuoceive them matcrslistically or 
‘Vitalatially, "At one time astvonomers believed Uhat the sun 
 twerted an "influence" on the earth Yat now, apparently, 
‘this way of expressing the facts it longer considered ‘neces 
sary", The same a priaci way of proceeding is Westrated by 
the following trom Bateson, who is wally more cautions 
ia gree a, erate ales ky proc. tome 
Seem antypiee by pes oe dalton bee 
irtee taies abet 


‘Here again there is no justification for the ‘must’, One 
might as well say that the differeace between # magnetized 
Sipe ao es Dee een 
Pitney ee roe prea 

The tatiana wee eeatcg tat an tern at 
wa ae ce eg rece a 
ot at ew eg ge ee 
Sythe ie a es a Je 
Beier tnenartter seeste ear ranaen 
Saeduen Ppl fauis tare etal tens tae Ae 
Cee ne ee 
pepe pret oe tee ae awe Nd 
mee 

PS iets ced 

“atthe tetas 
oh des om a har pyre Su pt 
er copra ees ey oes om ore 

sd ence Blo 

ee net Bou 9 ip Gore Yin Sk 
otmacirbe iat ri Sheng 




















iments ox Canplanting young veeoeating Use fos the 
tail to the Lin region strongly suggest the importance of 
‘spatial relations in the whole. With regerd to. temporal 
Felations I ame wot aware of any experiments beating” very 
tdexzly 00 this point. Two isolated blastomeres irom the 
two-all stage both belong to the sume texspoal pact of the 
‘rganie fem which they are taken. We Know tbat 2 part 
Iay tm some caves be teteplanted to another organiam and 
Wil develop according to ite new spatial reafions, But 
Sappoar it could be teenaplanted to a new organism wo that 
4 temporal relations tothe whole were diferent, thea if other 
‘actors ware net involved, we sbould expect it fae, temporal 
relations ure interval, 0 be altered i accordance with its ew 
{eaporal relations. in such an organamn as a et, ix which 
A high regenerative abibty is retained Droughout Bie, what ig 
regenerated depends not only upon the spatial relations of the 
tapering toe bt abo on temporal ice of hoy 
th has been relied. in otber words what is regenerated 
Gepende on the state of development to which the organiama 
Ihab reached. ifthe animal aleady poms eg the repeoes- 
ate grows into a leg. Now ifsoch a germinating blastoma were 
Utanplanted to a younger new without Lys, and tf the fate 
of s0ch a blastema is a function of the texpporal relations 9 
‘whieh {talaods to the whola we should expect it to behave (a 
Accordance with its new surroundings not only epatially but 
temporally. "Moreover spatia) relations are suxeeptile of 
‘exact tepttition om diferent szaln, and this may belp v# to 
Understand bow the same spatial relations can be effective 
ina counded off part of the wal of a Basta nnd this aid ia 
the interpreting of" harmonious equipoteatil systems 
‘On the other band it would be & great mistake to fall ito 
‘he common error of expectiog ove factor ar set of factors (0 
‘xpltin everything, and there be 20 occaion to decry the 
impertaner of qutdative dieses betwee Dstomers. 
8 appear te be important ic sech processes as gastrulation, 
fer exartpia in Amphoomes Moreover the tape of Dias: 
‘meres ts. theic nocmal relation is often diflerect trom what it 
‘when thay are aqparated, and with this the place of cleavage 
js soonected, and an the planes of cleavage depend the spatial 
‘lations of the parts resulting from thi process. Two very 
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Impatan qin ce acl) Dw the one of canvage 
ati gc pn new rel ey od 
(3 howe he Nghly pie Caregen penn ot 
{clerat and ntl eft Tose gone Mave ofcourse 
fen fed tn deal but > far oo etary haar a 
‘fe credopment pte of prix eorated 
poe 4 new typ of pri 
sod’ fre mp pin the evo palin the wk 
‘is achieved, That ip to say we bave so far only bad 
cling the el-ype of engunanne, Bot ve won 
toe waracendent cern wo tht grec cee come a 
tomutote pars of «higher der, indy ermayers oF 
{Slo pare And wth te stsarent af such para weno 
fave peulbies of wow type of eats etereh ote 
(nl put end seoOurs Meteor ith thee Seba 
js (ether elbertons oar iv mcordance with (bet 
Tautiveepatal pos" And when uch parte ected 
‘we ve tsyatcreal tons betwen oe ceva part sad 
Soluce, byahich Lean tht the pst A may be pincer 
Spon B, tatoat bang depen tyes Ay We ave 
amples in Protanr Siena pension “and in te 
Ede cumple ef optic op and lens nse amphibian 
is eeden tet ayia sete tre of ete: tnptanes 
daring euly wegee ween sealed “plstcly” ie at & 
Tn the period of“ igicy” which fw i woud be, 
imistabn  vopgeee that the ports te oneatd ond ds 
Dendestopon as ane. They ares morgan tons 
Eiparnof ons ormnioe andl hat the te sider 
tn waprene Bs the fect that ln epee to thc ph. 
‘ort Shang, the eins we aot hrprtst, Ad 
STi a ch prt the farther elaboration ot ar pars ay 
‘ral invere rach altos in the sme wey an tht use 
‘i the hrgr pare ina eater eras” Pnally when we 
‘ome to inter saberation important to comand 
teat ths not simpy an alae of wat aging on In sng 
tnaiaial ce ayo en at lave: 
‘etic tetra of clan eit ntoos to peigbouring 
tenia to tin whe 
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‘We come now fo the question ofthe relation ofthe Mendelian 
factors, iavaked By geeeticsts to accous for the differences 
‘between one organism and another, to this proces of d+ 
velopment, in waich the jeobizm is to explain the gradual 
inrease In ozguizatico, is. tbe dicreoce between one shoe 
ofa Bstory rl another” Now genetic factors are pre 
tuavily concerned with characters, and the onganis i eae 
scteied thronghout ts history. Characters ae nol something 
‘Stuck om to an” organises is gareral’ af Oe end of tbe hry. 
it Mendelian factors were imply concerned with the chat 
eters ata given ie of the history and wot with the ofpaniza- 
ion it might be easce to understand their selation 10 the 
evelopmental proces, for we shoud then be able (© sy 
{hat such actors had nothing to do with the mode of orgunisa- 
Xion and its gradual elaboration in development. The (act 
{Sa an eevee at wanpintd (6 ane pees may 
Ighave “ertsgerdt in is ew stanton, and Jet ext 
ty specie character, shows clearly thet ity mode of char- 
acteration jn one sense fy imunanent 19 W. but that the 
particular dle in the developmental process iy dependent 
{pon a spacial relations to other pars and is noc Uamanent 
init, The characterization of the whole is an expresion of 
the immanent endowment of the face £0 which if belongr 
{lor a given environment} bot (in ealy stage) the particular 
fontribution of pat Gepends co its relation to the whole, 
Abd {f that part tein yestion (0 a whole of another species 
it wi sil exhibic the tame plasticity Dut witout departing 
{toon ils own “species specicty "The separated part ih 
such eases dors ot behave as @ whole. becawe is Scange 
host provides a2 organic environment for it in felatin to 
whic! We can stil perait and ealsbit i own specibcity, 
Alihougs asa part Of the new organism, and: petbape a8 © 
Part which i would not have formed so ith Original site 
Te seems that every cell, in virtue of is being part of an 
‘xgunic race and having the cel-type of organization has A 
‘eviaa immanent endowment. Ife” develope 

that whole teoughout it history wil exhib 
immanent characterization (for 4 gives envivacent). But 
tit rewains a part, ite cclldeacendaats will behave as parts, 
and wl be subject to the“ plascty "extibited by parts at & 
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certain stage. When that stage ts past and its ‘rele’ is 
fixed then it will extnbit the characterization immanent 
in 3 or 2 given envisaomenl) 

Tt is considerations of this Kind which suggest that the 
immanent Mendelian factors have to do with one aspect of 
‘te process of development, namely characterization, and 
pot with the other, namely organisation. Docs development 
ile, increase in organization, mean production (by division 
te) of more aad more parts ix a hierarchy of organising 
‘relations, and we the genetic lactors only concerned. with 
the mode of characterisation of such parts? Are there 
(two fundamentally dierent Kinds of character : ane depending 
‘upon the mutual relations of parts, and another depending 
(08 Imaanent {Mendelian} factors, and both of coune depend 
ing 00 envizoamental factors?” We naw bave to consider 
‘whether itis posible Co maintain such a distineticn, 


‘The first requisite is obviously to determine what we are 
10 nvean by » “character.” Bateson, with bis usual insight 
very ightly remarks 


weit caantiuia'» great ‘advance i Wola teary“ 


Let a take a glance at soove instances of genetiie’s chas- 
‘acters, Prot. H. H. Newman speaks of 2 character as “oat 
(Of many structural oF functiooal details tbat characterise 
‘as individual or a mace’. Note the word ‘details’. Are 
‘we to waderstand by this that the colour or length of « man's 
‘pose isa character but not the nove itsel(? Geneticist 
do not as a rule trouble about noses but about why notea 
are short or long, blue or red, and s0 ox. Bat this may be 
merely because You can cross two animals which only difler 
in the dength of their coses bat cot two which differ ix respect 
{to the poaseasion of a nose Professor Proibrama distinguishes 
three kinds of characters: morphological, (ghape, colout, 
te), chemical (protein compost, ef), and physlagiel 
temperature, osmotic prearure, mode of loeortotion, etc). 


+ Mend Principlan, Camibigs, 0% 7 275 
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But this soums to be a clasification drawn up with regant to 
practical convenience rather than theoretical icaparranee, 14 
‘we examine alist of characters which are found 10" mendelize " 
we find theen very varied: tallest is plants, branching habit, 
hairiness ot glabroesness, shape of pods in peas, shape of 
leaves, biennial or anaual habit, susceptibility to rast-disease, 
relative length of parts, shape of seed, various human delncts, 
eg: beachydactyly, baislestoe iz mice,‘ waltzing "in me, 
Jength of hair, shape of comb (in fowls}, colour of parts— 
70, haic, petals, scale of insects, handing of Helix." sex, ete. 
‘The items in this Uist fall into toree groups: (t) senate 
qualities, eg. colour, shape, ete. (2) part, eg. hairs, meristic 
sharactera tte.; and (3) peoperticn . Now if ouly the Grvt 
‘and third groups were included under “ characters’ it sould 
‘be possible to maintain the sistioction suggested at the end 
‘of the last section. We could then say that the Mendelian 
actors were not concerned with parts but ooly with the 
characteriation of parts. But if farts are to be included 
then this distinction could not be maintained, for parte are 
spatio-temporal entities, The question, therefore, whether 
‘parts are tobe treated as characters has important theoretical 
Consequences. 

‘Now in the above lst the critesion which decides the in- 
‘hasina in it of each of the items is whetber they ‘ mendelize* 
‘or mot. This is taken to imply dependence on genetic 
factors. But we might proceed in another way to determine 
‘what we are to call characters. Genetic factors ate in- 
‘voled in the fist instance to account for what is persistent, 
pervasive or recurrent im the race. Accordiagly whatever 
{i persistent o recurrent will be a character. Let us consider 
8 particular case. A frog-hittory during its earlier strands 
‘bas no part that cam be called a Jeg. Bot gradually it begin 
to exhibit 4 part which comes more and more to resemble 
‘what ix kaown as a Jeg. The same thing happens in its an- 
‘estore and descendants, Are we then 10 s8y that legs are 
‘patsstent featores of the frgerace and are therefore char- 
acters? 1 thiok sot. What persists io the race is not 
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sharactries only certain stretches of a particalar frog: 
Tishory. Worwovee, “leggineat’ characerince many other 
nganisms, accordingly i is Whe "tre erginess” which is 
charactericti of fogehintorcs. It seems therefore that itis 
pomible to preserve the distinction alxady pointed out bee 
{ween development as 2 procas of gradual realization of 
Characterized. spatiotempora) pests, and the Mendelian 
{actors a9 concerned oot with this ot with the character 
tion of the parts. Such Geter will be concerned therelore 
‘Sith the "reg legeiness” of tops ies bat not with the pro: 
‘duction of the part so characterited. Rat the fog all throngh 
iis history Ischacacteraed and whatever charac- 
(ero say have wll be dependent ypon the immanent Mende 
‘ian factors. "We again enounter here the pec diftultice 
‘tachiog to the diderene between part and whole. The whole 
intory can and abould be called a "frog" Becaut it is pecely 
ariburary to confice that term to the adult strands, but whe 
Can we apeak oft eg? There are early stands when no one 
‘would say that there was ag and there we later strands when 
‘6 one would hesitate te any that the fog had legs. But in 
Detween these extremes i « vague period when we have to 
Speak of leg buds, lex-rudiments, ete. Tous although the 
‘woke is aways a frog. a given partis oot always aieg. The 
‘parts gradually cone ito Being but the whele persists through 
4 gradual incease in organization, given a favourable en 
Viroament 

‘Now length of x partis Mendelian character of that part 
and if we imagine fuck a character progeeively disisished 
‘we should reach a condition in whith the part was not recog: 
mluable. Such a condition could be feraled a & case of 
absence’ of the part and would mendelice. Tn this way 
we could treat auth eases as hairiness and glabrosscess ia 
Plants withont departing trom the fundamestal <iflerence 
Between part and character. We sbonid stil be dealing 
‘vith kngth which isa chasacter or, beter. a‘ determinable." 

tn thin place it wil be desirable to cler to peculiar notion 
‘whieh bas arisen in vegued to characiers, The fect that 
Mendelisn apalyis has for obvious reasons dealt very largely 
‘with adolt characters bas Jed to the extraotdinary ied 
that the puclre is cosceroed with ' species cbaracies" and 
‘tee cytoplasm with characters of tbe exces, clam, ete. MZ. 














Prof. Wilson refers to the ‘singular notion‘ of Loeb that the 
‘ag is “the embryo in the rough” and adds that such state. 
iments are * shetorically eflective, but will not stand the tert 
of critical analysis’. “McClung also says "It is iogical 
‘and against the evidence of development in orgaziama to 
separate their structoral featuree inte categories of racial 
and specific characters."* If such a suppesitin were correct 

‘would lead to rather encious comeqsences when brought 
inca telation to the theory of evolution. Consider for eR 
fample the hair and mammary glands which are class 
characters. According te present accounts these will have 
appeared us mutations and will then presumably have been 
species characters depending upon "factors in the chro- 
rmotomes, But in the course of evolution they will have 
become class characters. How thea did the factors get 
switched aver from mucleus te ¢ytoplasm? If the constancy 
of species characters is the sole concer of the chromosomes, 
stich ar acurtely divided how sche constancy the stil 
greater constancy—of the class characters guarantor 
Red characterizes the blood of an enormous evumber of 
animals, Ts this dependent in all cases on ‘factors in the 
68 cytoplasm 2 


1 will be desiable now to examine some current opiniont 
regarding chromosomes and their relation to characters. 
And it'la desirable 10 bear in mind that chromosome: 
laze evidently very important parts of the cell-type of organiza- 
tion quite apart (som any special signifcance they may 
have tn development and genetics. Prof. EB. Wilson seems 
to speak with considerable hesitaUon on this topic. Oa P. 
916 .of Phe Cel be says: 








“Exprinnit Entra. 9 2p 
1 Mowoctcr road mt sett ted hae to De prevent in cvery part 
the cyrplaem sae aeclaled Gapeecat of ogg cam is roe con 








Later, on p. 925, he writes: 


“in what wane cam the chromemenes be soctiernd a apts 
a Stare ay em ing See bn ee 





‘Th Prof, Wsan is inclined to take a cations methodological 
attitode towards these questions and protests against such 
‘expreasions aa" central governing agents’ ot "bearers of 
Iheredity ', ete, Professor T. H. Morgan speaks of characters 
as the products or effects of the immanent Mendelian factors 
‘and identifies them quite literally with parts of chtemotomes. 
He says 
“Ns noe bore tases cro by the naa ge sre 
eee Srten do peng ine 


That is lo say the lromanent factors 


ave originally been 
postulated to accoant for the distribution of characters in 
genetic sccenion of organisms or generations, and there 
fore tell us nothing aboet the process of development, Tn 
‘other ploce Prot Morgan says 


*Teomn not tog assent be arg thet wbew we ey » character 
a the product of» iter we ee ote thao On 
Nip ts woe conrplenens eOar ef Ge ntar = 
Copan of che Thory of Erte, 2 

SSI p Tops tas agate a aS 
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fener Mech mech mae ee a i tern, 
‘He begins by saying: 
Sarpy Seka ans rakes 
seers See ere 
ana Paine mmc pet 
Tie pena thnny ese oe of Nga ho 
teed gn en 
‘ie data mesons" Tae's an clamp te tro 
ttc of Tall Teoma ee comic." Tee poset 
‘Spon of he ras Urania cb Pastner 
Un eot hechng ttn hi aaah 6 sane 
porspiie pus offen of ceomata® ‘Ha oe 
SiS" pay te ntl of Cota et et 
fred ‘sann “propa teri ecm 
roth tuck chromo wil boc wrt 
Ny elaborate mire Prof, McClung is much more 
definite than Prof. Wilson, for example he says (p. 666) : 
{2egnenchrsece 
nel 
A on th ae page expo wich ae 
Sern by Pra Wikoe 
“ng anes oe eet ude ne 
Raoeripea tes mt se sara oe at 
see peer ate acre 
Scie Rea 
a 


Simoitarty on p. 678 be writes 


“Ts Beet tht the tcc cnet ptig ot iting 
stlee dows ot ply tant they accompany wate et, but 
Sirhan der Sang eather pce ether re 





























Te seems sear from these passages that what goss om in a 
cells concrived on the suze lines as what goes on in a test 
tube, You have so many ingredients and you get a certain 
result, change one of them and you get a different ane,” 
Giflerence in amy ove of these means & chunged product‘, 
‘Bot if this isso what becomes of the assertion that the chvo- 
‘owomes exert "a guiding "influence ar ' directing action‘? 
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‘Are such expressions used by chemists in cegard to the con- 
(Sahara te ad te Stee 
above view is correct we evidently not only require constancy 
Riu Gren ar sccm conan 
Satan tea ac tt Ture’ taf Sh 
ta sat tad ye hee xe 
‘cern pr ag we co noone 
{Ere leper ny han 
fonts on Rnd op em now bee ea 
rue een eat nme ap pat 
‘helo mic ovina? The ye ser ely 
dinar tT epertves neat 
to ec to arn he eps Spear at 
S51 puke pms ns icc tut lo 
“Bad Tee Tet ee fl nd et 
eve nes aot ten t's tf thera 
Terni 
aT nw io coer wat aon ho 
si a psa arn nae 
te caches ade be tng Sng thn ee 
STSSRIET WE Stee ube Sat pte eee 
thd ginger ls we 
Beran i te oh eee 
ae a ee me eae 
Sines See orc 
‘ends to nectter e Ms 
Me dayne ne age hat et ok 
beets 
ey. tl eto te css 
Sao me 
The fteng pag rom Prt. McClangi aha serig 
"eget net 
eater Seems eee 
Spares Cate er tea at 
Gitar see 
Pe ee 
Sian 
Spe Seiya ate Tenet 


AThe Cal, pvr. "Gonna Cyagy. p.636 
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Wt is interesting to contrast this, which refers to. the 
‘chromosomes, with what Prof, McClung says (p. 612) about the 
‘ehtomabin—the * hereditary substance ” 
“Te the living oedition i st a sete sabatance maved sot 
ay saiont ac bot ep td eta ape 34 de 


With these poists in mind 1 wish now to pas on to consider 
certain specatations about the immanent Mendelian factors 
‘which do not arise out of the genetical data and are not re 
quired by them, and which, moreover, appear wo present 
Aificultieg which are worth pointing out. Cormparisons axe 
Iroquently made between Mendelian genes conceived as 
material particles and the hypothetical particles of physics 
‘and chemistry. Not only isthe obvinwe methodological 
similacity notiend bat tbe comparison is often carried st 
further to an ontological identification. Prof. T. H. Morgan's 
witings i ics. On p. 1 of his 








‘The earlier theories referred to were not concerned with 
Mendelian genetics bat with development. Weismann’ 


theory, for example, spy consisted in inventing a compli 
‘ated architecture in the nucleus which was taken to pieeet ia 
development and the various bits were supposed to. be 
parceled out amang the various cells resulting (rom division, 
‘The theory of the gear is not concerned with development 
but with genetical ratios, We must make a closer comparitos 
between the biological and the physical theories. In the 
fist place it mast be noted that mass and energy in physics 
‘are not derived from the sumerical data abono—indeed no 
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omy cas neck iy wth same dat one 
cr by Tate oper ae alety ad! 
oe paeaprea far a emerts-curion 
5h Ghogat peeing tintlay Sac tet 
irae wicca stating © cece ef rey 
Ay cep ec ae eed tte eae 
‘experience as those with which the physicist begins, As Prof, 
{fine pn ste see Eppes et come 
ster meal ts at oe 
Perens on: 
crescent a os es 
So seree ies aan 
Shastra ore eeremtaaes Cane 
Sas eres 
Zen heater staan Sout 
SSE cet ae 
Fe te ee as 3 Se 
Era arenes 








Returang sow to our ines 
{hat the eben with when fe chert ae 
fe mapped to be compen of theatre 
Le, the perceptible thing is regarded as an aggregate of vuch: 
Patichowat ast athe traitioal view. Bet the objet 
of Bologicalstedy-—the organi or race~is pot supped to 
te composed of gosen Than the relation of the bilogi's 
Pasties to that which they are to expla ono te ae Ab 








‘ln most cases what the physicist semgurey ix 
tegarded as the consequence of 2 statistical average of the 
doings of the particles aD of whieh are supposed to be alike. 
Tin genetics om the other band, we are soppoond to be dealing 
with particles which are of very maay diferent highly specifi: 
kinds ina gives chromosome. The numerical data here 
primarily concern the nursber of individual organiams having 
‘Aczrtain character ina given generation. Toe gene's deigoed 
to explain the distribution of the characters among such & 
ireneration of whole ceganianss. The geass are not composing 


| Subsamtegrly mt Funtime, Bain, 1510, 9 tN 
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"See Sty ddr Sea pete 
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focal ee." by vay nwt ayaa 
an be tested is by its conuilience with the rest of knowledge. 
‘Let us therefore apply this test. Now since both chemica} 
chin tnd get te poh rcs wih wh 
toe ce a acety peated hy acl wn by 
Sinton Congest othe poperin tt oe BF 
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A Theery of the Gens B38, 
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Tongs bave «partie with the sme proper 4 molecule 
cf water boleved to have gute iferat properto from 
Takei rtm fetter xgen ov tarogen Now compere 
this with the genes As Profesor Wsen aa, tey mest be 
“capable of division * since they are * self-perpetuating ' and 
feterbln “prestve tei Koay frm one generation ot 
novo arother' We Red in fact thatthe properties et 
Bote te hes ts Hts sor ofthe fandom nal popes 
el livlag (ings. They oem 0 Be ling cegaita  tai 
tare, "Aca evens they we capoti of diviion inthe bio. 
Jegical sense into two parts #i0s similar properties. This is 
dmuted'oe all han I! iw not admitcd the ype 
Breas downs Conanguendy the gers, conse pony 
te dtnded with chemia) takculs ae mdestod ane 
Eeknad by chemin 

Same eral emacksof Bateson ae worthy toe aed 
inthe conneion, "With peterence to colour nbartanee he 
ie: 

sen Oy See pte Sy Swi aly, 

Petite 

















aly Duma ™ 
A litle later be ads 
‘Wea however we past rom i sabeiantive 10 the maritc 
acter tie cooceptoe that tbe character depend oe the 
Faces Lge oh tee pene ter verona 


‘Simitarly, speaking of factors in his celebrated addresces at 
the British Asociation at BleIbourme in 2914, be expresied the 
‘view that itis 
alialy 1het they are fe any sienle oF tered yee materia 
partion Tenayeck rather Gk Det prperton topo oo ek 
‘Remomena ot sraagemest 
‘Certain other requirements of the panicle hypothesis are also 
[perhaps worth pointing oat. If the gene is « material partie 
4 ordinarily undersioad then, it scems, it cannot be seaaller 
Jn width Uan the thickness of a chromosome at the time of 
longitudival splitting Because the bypotheals requires that 
* Pretlems of Goats, 934 TUE. B33. 
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ach gene show be exactly divided at each division ft lest 
of thove cals which furnish germ-cls) Consequently ifthe 
{ses were talaner than the chromosome tiny boul sat be 
vided and might pass a3 wholes inta one cel or the other, 
and the cel would not ten Bave chrotcsomes of winla 
fevetie coratittion, “This requirerest abe ses to be 
ontrary to the hypothesis that they are single molecules 
But might they not consist of groups cl molecules If tis 
ansunption ie core it would stl sem necesary to suppee 
‘hat they pomese, and ace themactves rts, an rganiation 
of great complenty and extraccdinary Tigidity. Moreover 
they have the property of abewering the rola" at cach 
division in a remarkable way—faling into their right places 
trth great preison,unkese we suppose that they are tx such a 
Fontion throughout the history ofthe cel” Bat this isa te 
iscule to reconcile withthe statement that the chromatin 
{na sem Guid callid capable of a wide range of itciesiealy 
controlled wavements" which Change ae” Obviously attended 
by liquetactions acd elationt of = definite and Hite order 
Perhaps there ino insuperable difielty here, but we evdeno® 
in favour ofthe persistence ofthe chromasones as gh ding 
the so-called resting phases of the Racicun oes not sem to 
be very extensive or convincing fo sm unsympathetic critic 
Nevertheless Between (eo ditions of a cal each gone is 
tequlred to prepare isc for division imo two parts cach 
trhich has the tame great specsty, which fe difereat fom 
That of every olber gee in the mature ger cel, as well as 10 
tae iis plate plot To Che next division in the utente 
Ecty. Ito thew feats we add the stl more texarbable 
Tle is required to play fa relation 0 the characlerbation 
of the developing erly it oust be admitted that Ue gene 
{Sa very remariabe entity. Te the genes ae to be conceived 
ehemicaly one would handy expect their chemistry ta be Very 
Simple and yet a physologot bas aid that ‘the nucle 
poucace a chemizalconstialion of 0 very great degree of 
Eempleaity | so that we reay even hope tome day to tee the 
atta wth compa pepe ayttaly He 
its 
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‘That iin the form of sacar matter rater than ite camtca 
a sncneaeerartare ach oth importantes kot 
Sty cannot be spp | 

‘Biological problems always present theauives to phystlogiste 

‘with @ chlldbb simplicity which is almost touching. Tt the 

chemistry of the nucleny is so simple, is this becanse of the 

nudity of the ebemia’s technique, of is the geneticist mis- 

(taken ? In the prevent case it wookd be extremely unsafe to 

Attach too moch importance to the utterances of physiology: 

because it is perfectly obvious that i the particles of the 

chromesomes were chemically different « chemical analysis 

of 4 quantity of mashed up cells would hardly be expected (0 

scover this (act. 

‘Bat we matt sct alow these speculations to lead us too far 
fom the main point sehich is ‘he antithesis between pre= 
formation and epigenesis. The present position in regard to 
the chromasomes seems to be that chey oer & model for the 
interpretation of Mendelian ratios, but the genetical theories 
appear to have no point of contact with the problera of the 
fembryoiogist. If the geneticists state their Dieoties in a 
purely conceptual form—the so-ealled chromvoroe mape Being 
Pegattled as expressing certain abstract felations within the 
‘tganised system upon which the characterization of the 
‘organi depends, they remain in a perfectly firm position. 
‘But nothing seems to be gained, at least Irom the embryo- 
logical standpoint, by expressing such a conceptual scheme by 
rocana of an imaginable picture. Such a picture has un- 
ddoubtedly been of great heuristic value a6 is so olten the case, 
at it seems to add thing to biological knowlege at present 
‘which is of any avail for the interpretation of dreelopment.* 





{1s tive now to consider the bearing ofall tbese podem 
developments oa the oid antithesis between prelormatice. and 
pigeois. We can recall the opinion quoted by Prot. Wilson 
Sat “tundra egress Icon beer i 
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“trae Mracamt crim of hn cremamene theory ws V. Masch, 
Plorgaieaaadeiomngm Jaan. 1985, SPELT PP HT. 





“This whale pauage seems to be founded om a very 1 priott 
veay of proceeding. and ls Shstrative of the habit which 
Fhing ot type ound ot epg dy fo at 

this fo what is 
‘heerved, ‘either fe iat all ear ffs the above what 
precaly is meant by saying that epigeosis is undamentally 
Ineoneneable', What we are or are ot able to conceive, 





Tis by no means dear whet Profesor Wilton means by « 
“sell detercining system It this treans something wiich 
isindependent of everything ese in the aniverse itis doubtful 
‘wbetber anything of Use kind exist, and ts st more doubal 
‘whether it would be possible to establish the fact that this wes 
its nature if we did find soch » thing, because you cannat 
sholih "everything ele" i order to se wat happens to the 
featity in question. The radioactive elemects seem t0 be 
Temarkably independent cities but developing exibryos 
fare not of this patare. Then aguin it may well be doubled 
‘rie he exec incre cme iy uae 
way of expresing what is observed in developzvent, It is 
often sine that organisns are just complicated phytion- 
‘chemical "reactions and itis because they are complicated 

that bilogy bas 30 far made 30 Ute progress, But it is 
‘evidently not simply a quetion of complication because there 
‘ry plenty of complicated gungs on in the world which poe 
‘woald mistake for orgusiams. The ‘something going on "we 
cal & thunder storm, for example, s very complicated. An 
rgasinn from sae pss of view i omparatvely spl, 
‘otherwise Brlogy would aot have got as faz as it has, and this 
Admmplicty appears to be the ostenme of is organization. 


Camcips of Nanas, pug. 
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‘What happens in development is not mmecely an increase in 
complerty, nor ax increase in atrocture, i by that you mean 
patel stricture alone. What ve do observe, as have tied 
to explain, is a gradual rise in the deel of organization of the 
developing organi, and this appears tobe beyond reesonable 
doubt an epigenetic ‘Whatever ray be the case 
‘egarding its“ chemical and physical components the organ 
lars certainly increases its organization tovough that Tort 
pervasive of vital oades of change which we cal cel-divislon, 

is is trae apart from the qomstion whether the enyanism is 
independent of external causes’ of whether it "can only 
trantform aad redistribute components that are inherent 48 
‘the aystem from the beginning '. Because when an ovum has 
livid you have (wo els (ot wo hale whereas before 
you had osly one, and you sot only have two cls but you 
ive onthe whale tro bars mot previously present as such since 
they each have (he same Jevel of organization a5 the original 
‘whole, and you not only thus have two aew parts but also 
‘oir new relations. Consequently the who now has a new 
‘mode of organization. abou what vt has in the preceding slices 
OCs Natory. But of eae if you igpore organization and 
deny isternal relations st becomes very dificult to sce how 
there can be organisms at all, and epigenesis may well be 
ineoncevabie  nder such condiions. Il by epigeoeis you 
‘ean 3 process in which the later sis contain more than the 
carlier, then development is certainly cpysoetic, and the 
“more” means more organization. And the organization of 
the later tlces is im no Sense "contained inthe earlier ones 
{All that was contained io the frsized ovum was the ei-type 
of organization and this is contained in all the later ics 
‘out a9 being the level of organization of certain paris (els) 
01 of the whole. The whole process tets at bottom on the 
spatial repeatability of this type of veganstion, although 23 
‘we have already seen this is ot the only mode of elaboration 
in virtue of whieh the level of orgenization may be raised. 
Sach elaboration is of two fundamental kinds: either prodc- 
‘iam of parts resulting ithe establishment of new and higher 
level, eg. passage fom celievel to cellular Tevel; or, elabora 
tom ‘of diferent parts of a given eve, cg. ioterceluler 
laboration (caboration of gut tube or neural tube} ot in- 
tracellalar elaboration (eg. elaboration of myoffbiae). 
‘But itis needless to repeat hese important concepts ance 
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they have already been explained. It acems perfectly plain 
(ad i in impossible to describe the Gevelopmental process 
‘adequately if ine and organization are not taken scRowy 
‘The problems of experimental embryology tal) under 4our 
Sunaemental questions: 

11 Upon what Se Avutin dependent? 

{BRS Saat ate pla of lvecen dependent 2 

















‘ee Wht heen oes fre apne 
1) Upoe Stat Siscatcn B'S ee tae 
pape 


Tt might be desirable to exclude the Grst question from 
‘embryology on the ground that the cell-type of organization 
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‘So much, then, for epigenesis; we now have to consider 
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“ preformation ’. This term ls of course a relic fom former 
days and there can no Jonger be aay question af 
jn any literal sense. Even the most ardent admirers of the 
chromosomes do zot new appear to regard them as per 
formations with reference to development, although of conse 
fn a cease they are preformed and remain so throughout 
‘But the point is that Uheir prefarmation as such is oo longer 
regarded as offeriog an explanation of development.) But if 
there is no Jonger prefarmation may there sat be pre-samething 
else? We now have to consider what that soraething else 
‘iight be. Consider the following case : no biologist would 
Ddewshocked or even surprised Ufa hen's ogg in an incubator 
{aed to develop. Sach things occur caly too commonly. 
But every biologist woo! be mighty surprised i, after 
ins appointed time, the eng hatched forth a dragon. a dog, 
foc even a duck, assuring it had in the first instance beeo, 
duly chev fo is froma s foward tvuing (hat there 
‘was no question about its patemal parentage, This brings 
1 back to the question of chararteriation’ Tt ot the 
t—the future parts—which are performed 
‘itt the charactrizaion of thowe parts if and when they ane 
ceatized. Tt we think of all the future slices of the history aa 
“repeesented "in the earlier sices we merely stull the expected 
lidult hen back into the egg as the preformatianists did of 
‘ld, But taking time seriously and the observed facts of 
development forbid us to do thie. The characterization 
‘of givro slice on the otber baad is in a sense non-terporal 
tinge it characterises many different examples ia the same 
race whether belonging to the same or to othet generations 
‘But a givea alice of a given individual history, on the other 
hhand, only exbibite a given set of characters.” Accordingly 
the complex of *iramanent factors —that upon which the 
‘characterization depends—represents a swans of Imitation 
for selection froen a surber of paasible modes of characteviaa- 
‘Hon. And this complex of factors seems to be a persatent 
‘property of that which exhibits the cell-type of organization 
‘lace this type of organization persists throughout te history 
pervading either the whale or ite parts. “This complex is 
fmupanent in every part which has that level of orgenization, 
and this enables te to understand the signiécance of equal 
vision and the theoretical ‘pomibilty of every soch part 
CL. Mangan, Reporimenal Endeyaingy, Wow York. 2947, & 
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becoming 2 whales posibility which is realized in some 
organisms and i also witnessed ine diferent Soon in 
restitusive processes, 

‘We must bear in mind what was said in an earlier chapter 
about moder of persistence. In slodying development we 
ace studying one of the modes of persistence of fiving or 
qacims, Crystab persist by teraporal repetition of their 
rode of organisation. Living ocganisms perait in virwe 
of the spatial repeatablity of the cell-type af organization. 
‘Thus whole-producing division in protoeoa and metazoa is a 
mode of peristence ; part-producing division in metasoa 
{is also orode of persistence. And the samme applies of coure 
to plants. Now if such division were unequal, persistence 
‘would not be achieved, and reproduction would ot result in 
persistence. Hence division (spatial) asa means of per- 
‘istence presuppores equality of division. But part-producing 
division, and other modes of elaboration also involved in 
Deruistence, involve snauaiiy, which conficts with the 
other requirements of persistence. These two requirements 
will both be satisGed if (x) some parta undergo elaboration 
‘after division ; and (2) if some parts never andergo inequalie 
ing elaboration, If this i the case we can understand why 
division is fundamentally alwass equal as seems to be the 
cease, al Teast 40 far as the muckeus is concemed, and why 
‘elaboration results largely Icom the different mutual spatio~ 
temporat relations parts, and not from unequal 
divisions, and also why’ persistence can only be achieved 
throngh change and development is an epigenetic process 
‘The cells of an adult organise fall into Uiree groups: (1) thove 
whieh onderge intracelistar elaboration ¢o yield «be parts 
exhibiting the adult characterization ; (2) those which are 
sil capable of divison and exbibie no intraceliar elabara- 
tom (mesenchyme cally capable of restitutive processes!) ; 
aang (3) cells capabte of being separated as new wholes and 
‘which may undergo tracellular elaborations ia correlation 
with this (germecells). Ip considering development three 
fundamentally diferent questions showid be carefully 
distinguished 
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development and organization are often extremely pervasive 
land bence ae called Gass and orde: characters. They appeat 
10 be very daeply rooted and not fitble o" mutation. Now 
the ditty isto barmonin tis etna wit te acs ot 
restitution and transplantation and with the epigenetic char- 
scter of development. The didicalties presented by the 
experiments mentioned, in which transplanted parts develop 
ortagerisa, germ to De overcome when we remember 
the diflerences between part and whole and when we admit 
that a given part, provided it asthe cell-type of ion 
asa minimum, has immanent in it the whoke genetic 
endowment. Now the characterization of wholes is not subject 
10 organic regulation beeasse thee envitenment js inorganic 
And they are not parts of this in an organic relation, But 
‘arts, just because they ave parts in organic relations, are 
Capable of such regulation arising fram Ubeit motual relations 
in the whole, antl 2 stage is cached when certain of their 
Pousbilties have become actual in accordance with their 
elation: in the whole, end other mades of elaboration set in 
Th some organises ever tis "stagration "ean be overcome 
apparently ‘by ‘dediflerentistion'. Now development is 
pigenetic on account of the peculiar way in which the organic 
parts are produced. Development is «process in which 
‘With temporal passage new spatial parts some into being 
all with the sime genetic endowment. As development 
Drocends they do not fase "factors" but selection ie made 
from their possibilities and this depends on their mutant 
relations, on the relation of the whole to the environment, 
13 well ab om thei immanent excowment. It is n0t the parts 
‘and the coming into being of parts but how they are character- 
{eta whien Gepends on practic factors Ti brent of 
the pecvsivaeas of the farer modes of development tbat 
‘an organic part from an embeyo of one species can be trant- 
planted to a diferent place io another exibryo of « diferent 
Apecies, And it ia because of this pervasiveness that they 

‘Wot admit of analysis by Mendelian crating, bot they are 
rot any the lea dependent upon immaneot factors, 

T conclude thea that all permanences discoverable i 
development a eapresive of endarng prpertis of com 
plexes of events when they reach the biological level 
Srpntatin, andes ender pepe hat 
‘re dependent upoo immanent factors. Ta. the course of 
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devlspment putea ay Sabeatd howe charter: 

‘an depends partly on this immanent endowment and pattly 
‘on thei? mutaal relations fo other part-events. Thee can be 
Ute doube that some of these immanent factare are intimately 
linked with the evests Known sa chromasarnen, and that they 
Dave an ‘atomic’ character, But this atomicity is also is 
‘some way overcome by the organization of the whole since 
‘tis the characterization of the whale which depends on them 
‘and this cannot be interpeeted as the outcome of the doings 
fof uelated cells, The concept of orgunization requires 
‘ganic relations a8 well as relata. If we forget this we shall 
derdriven to have vecounse to imported entities to make or 
aggregate into an ofganism. Thus the exbryologist & con. 
‘cerned with the mutual relations of the parts ad of the while 
‘to the environment daring the process of realization of 
given fimited immanent endowment, which he takes for 
(ranted. And this is limited as regards the whole, but 
‘ot limited ax regards the parts within the limitation of the 
‘whole, but the limitation of the parts is iteeif only eotmpleted 
(Gave tor mesenchyme and germ-cel) during the process of 
realization itself. The geneticist, on the other hand, ix not 
‘eoncerned at all with ths proces of realization bt with the 
characterization of what is realized in a given history as & 
‘tegment ta a genetic avccession of histories 


Summary. 
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“The following is another way of stating the cans! postulate 
‘when it Is applied, oot lo different periods in the history of 
the seme organism, bat to the differences between {80 of- 
ganiszu belonging to the same natural kind. 





This is clearly the way in which the causal postulate is 
used by the geeticst, since no two organiens belonging 
to the same natural kind (in the above sense) are only numer 
cally different (except perhaps in the case of ‘identical 
gs, and the pc of the panei i expan the 
diflrences, Tf all organisms belonging to the same natural 
Kind differed only numerically there would be 00 genetical 


sblem. 
Ppt if (2) the developing embryo it sch that 20 to pecade 
‘of ts history are the same, and (2) n0 two organiams belooging 
to the eae natural kind are only numerically different, how is 
embryology pouible in accordance with the cxnsal postulate ? 
For if (3) in troe, a given change cannot be repeated in the 
same organism, and if (2} is trae, it cannot be repeated in 
‘another organism of the same natural kind since this will not 
merely diger rumerically from the frst organism. The 
‘obvious anewer is that (wo organisms belonging to the same 
‘natucal kind, and developiog in similar envisonments, will 
only differ from one another in features which are of Uitte 
‘ot no importance for embryclogy in its present alate of 
developroent. 

Now bet, 86,4, =. anda’, ¥, c,d. # represent 
‘two organistns, developing in the’ samme’ exviconment E, and 
‘considered four-dimessonaly, Le. # and b and ¢ etc. represent 
different temporal parts of che same organismn. For example, 
ss represents the peciod in the history which is known as the 
fertilized ovum, & the two-celled stage, ¢ the Blastala, and 
4 the gustrals, and so on to the adolt «Then the genctical 
‘problem is to explain the difference between ove history a5 
‘whole and the other as a whole or between a part of one 
and a corresponding part of another. Toe fact that geneti- 
aia toely wack Wits Ge Cerone etwoen 4 ad FB of 
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rather than theoretical importance. The embrypio- 
Heal prodiem. on the other band. is the interpretation of 
‘he difference between « and B, ot between any éwo temporal 


“Let it be supposed that the environment is uniform with 
respect to. both organisms throughout the developmental 
period Then if rand 2° are perceptibly diferent, even 
WCa'and are not perceptibly dierent, the causal postulate 
Airects vs to assume that @-. 02 anda, oF have 
Groogtoet been intrinskally iférent, since sa hype, 
the exvizonment fas boen uniform. In other words a geneti- 
dst ‘woald postalate diferent *geoctlc factors’ in the two 


ed 2, the embryo: 





Mow consider the dierence between 
logical problem. Tt the enestorment is uniform throughout 
tthe Rstory with respect to... = in the sense that any 
changes in it are not such a5 to be followed by changes in 
rn which would not otherwise have ocurred, then, 
‘ning cua uate, the irene Beer 
‘an only be ex ‘ssoming thet inrinec or izamanent 
changes take place ina, And if the changes which take 
place in a ase diflerent from those which take place in a’, 
then 2 will be differen from 2. We now have to conider 
Abe different posible feciors ta, virtue of which = nally 
comes to difler ior 2, assuming & to be uniforms throughout 
the histary. 20 that we cannot appeal to diflerences init 10 
aceount for digerences in a..z The diference betwoen 
and b comes into being throigh the process of cleavage 
‘The two sow-crllular parts which cevalt trem this proces 
amy have either (2) the same intsinsc propertis. or (2) 
dierent intrinsic properties. Theories of the Weinmann 
type supposed. that the latter alternative was true. But 
experiments ahow that in many cases the fist alternative 
inte. And if we adopt this alternative we can only explaia 
the diflerence ia the behavion: of the two cells of 8 acconding 
to whether they aze or are not related an parts of one whole 
(Ge. allowed fo remain in their sormad selation or srpazated), 
by amaribing it to the diGeceoce in their motoal relations in, 
the two cases. Tx other wands, the felation described a3 
“being parts of one whole * (whatever further analysis it may. 
De capable of) ib a2 ineroal exganizing relatin, since the 
parts behave ciflrenty in this elation fyom what they do 
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ut oft. But the two calla of 8 do not persist as such, since 
tach divides again and so on to -Qhe Saat, and sitar 
{teraal organising relations hold Between the cells of the 
Distala as held Between the two cele of 8, but they wi 
be mose numerous and compbeated. if this is v0, eae al 
may lifer trom anether ce pot inirinsially but in virtue 
‘of its relations to the others. Bet ia passing trom ¢ to a 
‘we have a diferent prober, narnely to account fr the dabers- 
tion of two cdlalar parts. If a exhibited some sett of 
polaicy, avis ually the ease, this would enable ns to ader- 
Aad the sext step since this original pelaity will now be 
maintained in differences between the cts of one pale a8 a 
Whole and those ot the otber, ven thougt this be only 
Afeence i sie, a6 appears to be the cave, for example, in 
‘Ampharas. When gastrlation is sccompliched in virtue 
of these dilflrences it ie not cificlt to ace that there wall 
te plenty of scope for farther diflrentiaion in vistie of 
iferences of the matual relations Between the paris both 
‘collar and non-elliar. ‘Toe mataal cations of the ces 
Sunounding te Mascopoce wil be diferent fom those within 
the archenteron, both between themselves and towarde the 
cavironment. A farther difeulty f preseoted by the probe 
lem of buteral symmetry. To expla this we may ether 
appeal to the properties of spatah relations ot, if thi is con 
sidered too heroic 0.43 original laterality ovupled with the 
fviginal polarity, Bat when once this i etablahed we 
Know ftom. Spemann’s experiments that sntcrnal relations 
and oot intcinuc propertce of the cells ate of importance 
Jor torter elaboration 

‘But even if we are able thas far to interpret developmuet by 
agreing to aly a minima of nr diferenes btween 
the ealllar and vosslllar pats, a time comes when per 
ceptible diferences make their appearance between the cel, 
i.e when intracellular labocatoa stein, Some mesenchyro0 
ca debate yori, “ates. eg. in ercbra) 
aborate hamogbobi, and so ox. Here again. sutsal Tela 
tian are doubetu ei imporant, bet whereas bibeto we 
have largely been ‘concerned with modes of division of 
{pomibiy equivalent cel, how will sich relations belp vs to 
‘derstand the development wsdona given cell of myoBbriise 
oF glindalar secretion, or calcarcous eats?» Let us cuppone 
tha? sory cel is capable pf developing myosbrie, that 
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very cell fs capable of developing barmoghsbin, ee, i other 
‘words that every cel is capable, up to a certain period in 
the history, of booming any adult fly Gaborated cll of 
£5 organi belonging 1 tht particntr specs For at 
tectals period the ells stp diving and begin thei intracel. 
Ila elaboration Why er bow thi happene nobody kno, 
Ut it may depeod on temporal relations” Bet granting that 
At coes etn aa certain peed (ich fat) and grating 
that every cll i capable in este of its Srinisic propertion 
‘ot icentiating. to any elaborated” cll ot Ke 
(eich in hypotbes}, then we could understand that hich 
of these postblie was realined-—wticrpasticalar cab- 
‘ruion appeared-—might Gepend. again ope the ternal 
Telstions Between, the celular and non-rllar 
‘arts, oat 9 other development processes spear todo. 

"Tn thin way, then, in brow outline, we couk understand 
oh cr been sa benmes eae int 
ttllorm environmeet, by. appealiog to inttinae propetiee 
‘Of the cll and to erences between Uhean WH sie 
ftom the diferent mateal reatioen which came Into being 
wrth the pars which stand in them, thee being tbe sent 
leider equal ar unequal divalent” And itt Svdent that 
SC the scene steps tm 7 diler at xy period (rom 
thoes of @. ¢ then ¢ will der rom, and this wil be 
traceable, at fot teoretiely, to frie dierenons be. 
teen aad’ Moreover, the ttracelar elaborations when 
wwe pet to 1 depeot, according © hypothe, on inrinae 
Fropertes of the eel costtuag (wit ther relations) abe 
Crmporal part. But thee «ceils ema from the repeated 
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to thelz new situation (ortageriias} and not according to their 
Place of origin Qherkunfisgenise). But wow, such tant 
Planted parts, when they ‘are fally elaborated, exhibit the 
full specificity of characteriztion according to the species 
from which they have been derived. Aad since this depends 
{according to our hypothesis) upon the frivinsic properties 
of the cals, since only which of these properties is realized 
<epends on felations 29 other parts, we can abo understand by 
trans of this hypothesis these apparently paradorial facts 
of transplantation 

nip pot difficult to being this account of development into 
relation with the requirements of genetical dats. In all cases 
‘where wa appeal to intrinsic properties of call, whether 3 be 
the fertilized ovuun or the peviod of srtracelislar elaboration, 
‘we have to do with propecties depending on genetieal factors 
But wherever we have changes depeadent upon internal 
“organicing relations between tbe paris then we are dealing 
‘with shilhing epigenetic developmental procestes.. That the 
‘nucleus is of great importance im regard to intrinalc pro- 
perties there can belittle reasonable doubt, and if ll somatic 
divisions are equal we can understand that up to the period of 
intracellular elaboration the ces may all be equivalent in 
their inteinsic properties, and that which of these are tani- 
fend Geendn ones meatal rations Cale which do nat 
undergo such elaboration may persist as. mesenchymatous 
cally capable of regenerative processes, again in accordance 
‘with thei postion in the whol. Thos all that is* preformed 
(GF we are to continue (0 use that unsoitable term) is the 
number and nature of possible mades of intracelislerelabora- 
ton which a cell may inderge in a given individual of a given 
species, and also certain developmental processes which 
Gepend on the intrinsic properties of the ovam, eg. cleavage 

epigenetic 





Patter. Within those mits the ret is 

Ti this sketch of development 1 have made po reference 
to the so-called“ mosaic eggs "not because {wish to ignore 
them bat because they appear to present much lee éifialty. 
‘The most ditteult cases are Dose which present the zinigoam 
of * eytoplaamle peelormation It we can understand the 
Most iicult cases the others can carly be Brough! into 
relation with them, 

My view, thea, regarding individval @ecelopment i that it 
vught to be posible to interpret this in worsedance with the 





386 PROBLEMS OF BIOLOGICAL KNOWLEDGE 


‘causal portulate in terme of the intrinsic propertice of cells 
aed cellular parts and sAeir dations if we can admit the fllow- 
‘ng. propositions: 
(2) Ax colty having the cep of, on in each that 
ei eapatc of repeucod divider fe the Sega! wast ethan 
sitrcreme Fooper 








Fe esos boys a ner slated 
'o ons nether tt sense tats ate aed fan ot A 










Tot feat in tbe moot 
face eater 
it eto 


‘depend omits testcase fhe whose, which Wil ef coum det 
from poce to pace 
‘The general problem of the antithesis between preformation 
‘and epigeness will be discussed after evolutionary development 
tras been dealt with. 


By way of append to Division T of this chapter I wish to 
draw attention tn certain easly. avoidable confine all 
"extant in the terminology of genetical topics mich re serious 
in wo tar a they als ead t,o ar Uh outoome of, entasams 
5 thought, And fest ta desrabe to consider the meaning 
Sind ase of the term “heredity From the very" diverse 
“cénitions ofthis word given in balogical Meare ic see 
lear that the word stands for an indeGoable attraction, and 
inthe interests of precision i could te banished Som scent 
Terminalogy with advantage. Ie is 2 vague term borrowed 
Ancrtcally from common sense, It does not appear to be 
used in any of the senses given and consequently it is calculated 
0 do oathing but bered confusion. Twa give a numberof 
cxsespes 
* Wa may daar brit so ont capi of oe og 
to diag treat tage Ba Ey gr 
Rly he aon at es res a a 
noe “chien ax Gone Of elt ares Baten hd, 




















(Quoted ja J. A. Themamn's Hei. 
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ete ret i ern rman 
Se Seater abr ees ton eaten 
oe sere 
ee eee 
between panest sad i the 
Solemn: ere 
"Oi dat Ccetity we wederstand the traaatereace to th of 
pene tee 























Its perleetly evident that what these various authors are 
felerring (0 by the word heredity is by no means the same 
fn all eases, but what precisely any particular one is reerring 
to is by no means easy to discover. Prof. McClung very 
justly remarks that 








of this passage I aun in hearty agreement, 
10 be regretied that more bialogists do not pay 
litle mote attention to this side of their work. But 1 doubt 
the valoe of such expressions a8 "hereditary forces’ and the 
sloplest way of deating with the term ‘ heredity "is to abolish 
it altogether. T do not feel that Prof. McClung improves 
at all on the defzitions he criticises whea be offers the 











Merny then Inthe coeditinn o wate which i mlataloed 
ty a certais balance bereses the operation offen or oodles 
‘Boron geen peevepoues ranmasen mad the eetraal 
(eitions pftlin wal i's anced ie tno contuneoer ed's 
‘itetoe peimarty af tbe roc tnd eat of the wean 


‘The tact that these definitions are not in fact employed i 
Gomrat Cyeegy. om 6234 
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sera If we substitate the definitions io propositions in 
‘which the word occues. We thea find that the revult either 
nonsense of not what the authar istends. Pref, Wilton, for 
emample, saya: 

The comchuion i inisiie that acral development - 
SSRI STS fect of Sovceyeersfotcomta mac Chrome 
‘Sine elst piay © party pert te dntrmanation 

Now substicute Protessor Wilson's defitstion of heredity in 
the lait sentence and we bat 





‘Aad tae uo anne capacity af the egnsiom to Gvsiopaacetr 
rains tbe rotact of Sevisgnuat it isows th pac Chan: 
Shoe aot pay © parcouar part ef ortrmuastice 


‘And it ia clear at once thatthe term heredity ie ot being used 
Jn 'thia passage inthe sense in which Professor Wilson defines 
i ert cme ted tal a asset of en 
otal traits isthe faut of em ve 
‘Set Betts & at what Profouer Wik mee 
irrediy in the above pusage what ders be mean? TW 
appear wo be a good example of the pitfalls we aze exposed 
{0 by the use of indeGnable abstract eubstantivs, Such 
terms are adziibie enovgh in commas speech where quick: 
‘eat eather than precio is required but it i fatal to admit 
them inte sriousscentife discusioa, What we fadin nature 
and what the geoetcst deals with wre characterand organions 
‘oven fin genetics) to be related to coe ances by the genetic 
relation and #0 constituting a race. A given character of & 
fiver spatioemporal past of a given individual stands in & 
thre-termed relation to factors fananent to that individinl 
and tits envizonment._ All these terms are perfectly definite 
and sothing seems to be_guized by istrodscisg the tem 
heredity. Sore of the definitions given above are obviously 
very Dad. particulary those which speak of the translerence 
of characies from parent t fispring. Thin made of expres: 
Sion see to be nating mae than « derivative of the bgal 
‘eof the notice of inbertance, but enoagh hag been sud to 
fiow the orcas of trying t petch up such definitions, 
‘when the term Hell ia ot required for scien prrposrs. 


"The Cab, 3 988 
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Soma further confusions velating to this subject are well 
itustrated by the remares of Me. J. T. Canniogham in his book 
‘Modern Biology ia which be atinpts to nticlae ome curreat 
"etionnin gent, and in partic the lementary expaion 
af tham gen by Prot 8. Gnd ntl book ale 
Living Orgentions. Goodrich’s exposition certain) 
tot as clear ab Te right be tt Me. Contcgha’s ene 
nly serve to make matters worse. The view which Mr. 
Cunningham objects to is expresed in Oe following passage 
on p. $3 of Prot. Coodrich's book 





‘This seer to mean simply that every character manifested 
by a piven organism depends partly on factors immanent oF 
Intrinsic to it and partly on environmental factors conten 
porary with ita history. ta the next paragraph Prof. Goodrich 
ay: 

And yet there age characters + 
etepiag tod Steve tick do et 
Sreancited sed others ae cot 

‘This seems to bein Sat contradiction (o what was sald above, 
‘The author there(ore says that it is necessary to revite the 
* popular conception of inheritance just ax sre have revised 
that of “acquired characters". He says that the word 
"inherited ” should meas.‘ that a character possessed by the 
‘ancestor reappears in the oftspring Also he ases the teres 
" Gansmitted” and says that factors ave transmitted and 
‘characters are inherited. But would it oot be szaplet to avoid 
‘hese expressions entirely? I{ an seems to be the cate every 
[prt ofan organism which as at least the eel-type of organisa 
tion has immanent in it the whole racial endowment (ot it 
mixed faces a selection from a namber of possibilities) and 
since normally a new history begins as a separated part with 
the cel-type af organization (germ-cell) it seeans simpler to 
say that the characterisation during any period of that history 
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will depend pertly on that endowment and partly on the con- 
temporaneout environmental events. It variation oecurs, 
lies tthe offipring didecs in respect of a given character from 
the parent, this is ssually traceable either to environmental 
differences o¢ assumed to be traceable to immanent differences. 
In the Intter case according to current opinion this will be 
traceable either to a change in part of the immanent endows 
_ment jaet (mutation) oF lo the fact that the endowment ofthe 
‘aco is maized and dilecent combinations have resulted {tom 
ree 








3 Goodeic's account of variation seems to be very 
smoddled,”" He says he understands by tis term 


«the extent or degre of seence batwngn the character of to 
secs, ht divergence of te ape hom eld noth Sew char, 
het huts Sigereace wtich can beernsoured. at ean erareated 








spn ht hr ae oe gi it Nn eatin 
ea a a on 
SO ae 
See ae, Te 
Sac eh heady re ntocter™ 
ment’. Thus be begins by speaking of two kinds of variation 
by which he says he means the extent or degrer of difference 
cenit dcr ttn i posed 
eee oe rae oe 
Seat Feit a ne ea 
Te ofr poten Casing 
int “tp Soi wk oon 
"arm era eae. es wt 
SE om 
SES 
‘As an example he mentions duck's and hen's eggs buth develop- 
borireaesiisatemecrs 
Remar anor 


ta'ot induator i determeteg Wat So" oey should locome 
‘ochling ‘tnd the ater = che” Tow ape Caractere 


Sects sly cali! then ts Sow tneceas to ths tly 
‘Sipe fone bee” 


should of course prefer not to speak of a ben's egg becoming 
4 chick but would sy that it was an easly temporal sie of 
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the fowt-bisiory. But the most serious mistake isin saying 
‘hat the “special characters of the two bitda are “entirely 
ise to. gametic factors’. i is percely plan that Me 
Cunningham is confusing two quite distinct and easily ds. 
tingnishable questions, He io simply confasing the iferoces 
‘etween the two Diets with reepect to some character with 
tha diferent characers themcives. The diferencas between, 
tay, the webbed fet of the ane and the pin fect ofthe oer 
‘may be described as “early due 19 gumeti factors" Hot 
{tia surely not possible to sy that in the manifestation of 
webbed feet the oxygen and warmth bad fo engeern, 2d 
‘Me, Conningnasm sdzuts ths imse when be says tha sich 
things are" erasary for the development of both kinds of 
aga’. The coming taro being of pars kxowable as webbed 
fof plein fet is depeadent upon a cxrtain temperature, et, 
but the webbednest ofthe ons as contrasted wilt the plas 
‘of the other-—this dfvenc is egardod as theoretic trace: 
ble to dilecences inthe factors Kmmaneat it the two Fs 
‘On p. for Mr, Cancingham wishes to make a distinction 
between “stimuli to the developrsent of the organism" and 
"gtimi to the production of say particular character As 
an instanee of the former he mentions ris i timers 
the dovelopment of a fow's egg and ofthe latter he ete the 
asc of munlight on the hunan skin. He says that 
{rise above atmospheric temperature iba" necessary 
te developement for both an eg of «sparrow and 
ostrich this snot the ease withthe frags eg. 6 
In determining what specie of tag tb ogg develops into 





















‘This, with other pastages, strongly suggests that Bt. Cunning: 
‘hams troubles rest on errencous nutions about causation, and 
capecially on an icautious ase uf the termi “stimahus". If 
the above passage nears that extecnal circumstancrs have 
nothing to de with the characters manifested by a particwar 
frog it seems ta be plainly wrong. By calling 2 rise in tem 
erature a stimulss to development all that is meant is that 
‘unless the temperatare rics the egg docs nat develop. By 
calling sunlight 9 stimulus to the production of a particular 
skin-character what is meant is that in the absence of light 
‘of a certain kind the skin remains white and in ite presence 
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1H darkens. But in Both e489 one factor out of & comple i 
fsolaled and emphasised at the cxpense of Oe other, and i 
Jz only courting ceafesin to toppoue Ut nothing cise but 
light o Haein temperature ie requied or involved and that 
‘particular maniestation solely dependent on such stimal’ 
‘The sunburn is as moch dependent on Ue akin as onthe ight. 
‘The skin of some people sunburns and that of ethers dos nat. 
Ts Ure any fandamectal dllerence between the development 
‘tho fous eng teen the temperate ines andthe eppearance 
‘sunburn wen the iotersity of the suright rises? In both 
{aves weave a change ian cpanisn cormiated witha definite 
‘environmental change, and in both eases the particular ature 
‘Ol thalehange spurl. depeadent on the orgasm and partly 
‘on the ensronmental change. Precely be same mistaken 
both about eausation underies the following rears of Me 
CConninghars, On p. 3or be says: 


“Becpe arcs aa 30 sa gers he feed 
Wovsed tax are keqaned The progee term: Bn developed 

Thelage the wd scqued way to chareter atch ad 
‘deren lea toeae dee ch coma 









Thus Mfr, Cunningham wishes to make a sharp distinction 
Dersuen charactors which are manifested at birth aed thowe 
‘hich ate manifested afterwards. and he seers. W believe 
That the former aze sakly depedcot Upon immanent factors 
and he lace suey depredkot upon eneitenmrotal factor. 
This iy particulary clear Irom 34. Comvingham's tomar 
ut the development ofeselapian mansers i sh TeV AOR 
in abnormal seawater, He says that "the alourmalties 
IWonived are entirely do 10 the abnormal conditions upplied 
the genetic factors ia the embeyen ume expiant are 
the same a In embryes which develop marly" and adn 


14 ls agreed that the rove shows (hat ne eerie fecere 
gota the plenty of praia the shied Serer 
Stneraet weir tbe exper etsh caiinns, Got (as dent Dat 
Ror te ia that the pera abguemety aa Oterbuned By tbe 
‘SSpetieesal tomatoe 




















‘These two passages show the dificulty in regard to causation 
with complete clearness and they Batly contradict ono another. 
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Lit is true that‘ the rsull shows that these genetic factors 
possessed te potentiality uf producing the abrormal devolop- 
‘ment "then itis mot (rue thatthe abnormalities produced ate 
tentirely dive to the abnormal condition applied. Either the 
ienotie Jactors aze Irrelevant to the result or they ato 20t 
iirelevant, If they ave irrelevant what does it mean to say 
‘that they * powsessed the potemtiahty of producing the abnorrnal 
dovolupiment ?” LE they are nat irelevant how can the result 
‘be entirely due to the alinormal conditions applied ? Tt scerns 
Aherehire that Me. Canuingham bas failed to maintain a 
stinetom between characters which ean be selected solely 
to the environment or aly to the immanent endowment of 
the onyanism, anal 1 abi unable w ste how sach a ditinetion 
‘ould be maintained. Bat at the same time this fact doce not 
appear 10 me to decide ansthing regarding the old quarrel 
berwern Darwinism aoe Lamarckiem. 

pall the above discussion we have not criticined the nation, 
of ‘imavent ”" mitrinvc” or * genetical’ factors. We have 
‘ats that i al cases the exxanisn has intrinsic properties 
upon which ina given emvironment its. characteruation 
depends. We have discussed sie of the dificaltics attending 
[attempts ts cemcrive the natu of these facture terme other 
than these immediately demanded by the data of genetics. 
IBut there are othe dificatiew whic: became apparent 2s soon, 
13s we ffy lo harmonize crolutioaaty notions with genetical 
and embeyulogial ones, 














Division 11 Keil Development 
4 


Te was said at the Drginning that the antithesis between 
‘preformation and epigeneats arose in connexion with yrueessed 
of developencne lath racial and indivhlual, We now come, 
therefore, te consider it in relation to racial development. 
‘This will imvutve a consileration of the related antithe 
Detween Pylageny ans} Physcokye. of between the Historical 
‘and voll Causal views of the organism. ft will theelore 
‘be neceury (© consider the Together, and first (0 discuss 
the difference betwoen historical abd causal explacations. 

‘We speak of individes) development and evolutionary 
[Processes at (ro examples of development. What then have 
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Mey in camman pen which this caxiScation eats, and fi 
‘hat respects do they difler >In the case of the individual 
‘Pe saw that what ceveoped was the type of organization 
‘which characterized the organism dorag divin urs of ts 
Wotocy. In the course of Gevelopcaent the type of organiza 
ofthe whole organisa becomes progressively more eeborate— 
new parts and new relations Letween them gradually coming 
into existence. Moreover the seral changss through which 
this is accomplished can be observed in every Member of the 
same species. (Cu a type of serial change whichis charac 
teristic of many events 

‘Now When we compare this with the evoluionary process 
wwe find that the latter is ali & process in which there 1s 
radu for it is believed to be gradual) appearance of types 
of organization of inereasing caboratenes. except along those 
lines in whien degenerative Changes sppear to have occured. 
[Bt when we compare the ty cave we Bnd arom of pin 
of difleence of fundamental importance, In the fst place 
tehereas indiewoal development bs a process whieh eat be 
Giretly observed so that we can fate the continuity of ehar- 
‘acter between one alice andthe next, thie i not the case 
‘with evolution. The Inter is & bepoibetical process not 
Girsctly observed one. Ik seems to be tie custom amming 
Diologats at the present dav to speak ofthe fart of eration, 
ot othe theory. But this only soears thatthe dori i 
how regarded as a hspothons of» high dere of yrobabality 
because it enabics ws to bring a great numb of facts together 
which would olkerwise be wolate amd nothing be Kiowa to 
contradict it 

“Asecond difrence between thse two instances ot * develop 
ament les in the fact that whereas ip the st case it was & 
eon crating oe indivi thing ne scad ast 
(twas ove charecteriting face of crganisns. It thus amounts 
to amserting that incerta cases the race has Wot exhibited a 

aly rhythenical mode of characteritation bot sera one. 

“That to say-—it we were abc to follow Back i deta ertain 
pst histories we should fd that each “nit in the succrsion 
had not simply repeated the type of charactertation ofits 
‘redectsors, Dut ad departed from it, wad ware euccending 
‘ie thar ep scons rit | 
incre sf are ary Coreg Wo eartmamentst 
contac 
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‘gnes had likewise departed from it and in the came dreetion— 
Trading say from reptiles to mammals. Thus evolution con- 
templates gradual elaboration of types of inereasing elaborate 
eas of organization net in 2 single organism bat in a sccrssion 
‘of genetically related organisms, and is thus a serial process 
just as individual developrent is 2 serial grosess. Bat, as 
‘ee shall se, this must rot be Unought of simply as an increase 
in spatial structure io the ordinary sense, 

A'Uhird diflecace is relate to the one last mentioned. The 
cvtutionary peuerss, beeause it ie sevial and because it ia 
accomplishel fn a gemctic succession of increasingly different 

Wiluals is wnigne Every event is of course unique, and 
in that senie an individaa) crparicm considered as an event 
is unique. But in sty eae Hae, ab we SAM, & BOE of 
thythmival sucension, ad consequently we can compsce one 
‘ndividwal dewclypmnent with another, and can recognize the 
sane mode of charactsization of a number of events, But 
im the cae if evaluation we rannot do this. The sevies of 
changes which have ehazacteriaed the total event that we call 
‘evolution have, 90 far as we kaowe, only occurred ance. This 
fact fas cei mvtlshgal conseqoenns wich we shal 
conshlct it a moment 

“A fourth differvnce lies in the fact that whereas in the case 
‘of individual devshoyment we can We wail to kaow a began, 
tusmely the fertized ovum, i the ease of evolution we do not 
now 2 begining, 

‘A filth diference depends upon the difieulty of 
whether evolution is stil going oa. By this T rocan that 
‘picion is divided reganling the correct interpretation of the 
evolutionary: sigoiteance of racial changes that are cbserved 
and sturlied at the present day. But al this is, of course, 
matter of debate 

Of these five differences Detworn individual and racial 
development the most iruportant appears to be the second une, 
‘at, namely, depending on the fact that one isa type of change 
‘characterizing single individual organisers, and the other is & 
‘process of clange in a gractic suoctssivn individuals. It is 
therefore 2 change characterizing the * secondary biological 
“sobstanees'. Tr other didesences are evidently dependent 
‘upon this one 

INow we can turn (o the antithesis betweeu Phylogeny and 
Physiology, Le. the relation between so-called cqaitl and 
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Distorical views of the organism. It is a prominent charar- 
teristic of present day biolegy that it has toa very lage extent 
tumed ite attention away from the phylogenetic problems 
whieh occupied the centre of faterest during the last century 
‘This is partly a wholesome reaction against the highly spect 
lative character of phylogeny. and partly a consequence of the 
‘extension of physiological metlods. Rut st should nat be 
forgotten that Uiere ie an historical aspect to organisms and 
that there are methodological peablems connector! therewith 
We must therefore consider the dilieence Lerwcers Bitorien! 
and what we may for the present call "causal" explanatians. 











Historical and Casal Propositions and Explanations 


‘There are to typot af "genetic o¢ “historical” explamas 
tions—aceneding to whether Uy refer us the indieiaal of 
to the racial history. They ac wsvally confined to anatianical 
data Fut examyple the tottus ceme taken by a nerve or an 
laery play strike Us as strange sd aw wrk a exponent 
{he fe why’ fe dbs pat borm tr coe expwetations) ain we 
find one if it can le shown that ja the cure of indivi 
development this state f affais han been Wevoght about by the 
Shifting OF ecighboing parte, This sooms to he aehat is 
meant by an cmbevobigical explanation whi ix ‘merely 
descriptive ut it fs more than a historical explanation 
Tbocause we cam Renerabie ftom tle ascumptiv that a simar 
series of changes is manifested hy all members of the same 
rave; it isa type of change chararterising many ‘nlividuals 
ET now we ask why such a shitting of parts ales pare we cam 

vestigate the racial forerimncrs of the organism in question. 
‘rom comparative anatomical and! palarmtslopical data thet 
ray be good reason for sapposing that the cnnditien im the 
animal or plant in question bas en vache throwalt an 
‘evolutionary shifting of the parte. this way we <lould 
reach a phylogenetic explanation | 2 historical explanation 
in the stricter sense and one which euuld mot be generalized 
‘because it wosld describe a unique series of changes charae- 
‘eriaing an evolutionary succession. 
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When we tum com genetical explanations, wether anto- 
genetic ov phylogeatc. to physilopical or causl  expana: 
{i wintls the iftreace fe te est place the poysoagit 
fin the widest senc) to not at cl comernaf With une 
fecorenrs but with types of ange whic canbe generale 
{Fs elference would ax dstingen bam to the enrptve 
ernbryologat wie lon dese with types of ange whack at 
be goverieed, What istinguisher the phySeigit's eo. 
care is the Tack that he does wot eimplyfecord the changes 
formally observable, tthe anges which ae observed when 
the organ or is evironmeat is sjstrmatically vtred 
sth “Heisthasable to dacover more than the dereptonst 
Tey able to investigte the tutealinterdepeence ofthe 
pasts, and the tule they fll i peresive spel han, 
rer pen of change which ee be generalised 

‘On the ole hand plssoioy tlle ut nothing owt the 
sty teas cm rie rnd 
fang cmc ast poeta to ale erent 

el 





ony can aly tell wm aboot Witery—sbout arpho- 
I changes. IC appeals to getetic continuity to account 
for the rremblances between ofgansms and canon appeal 
to hypothetical intra changes to mzount fer thet dies 
ecen Tere aren coosqoence of ti, certain dangers 
the istorieal method which are sometimes overaanl, Ct 
tens to emplana te maenbianes afd 10 ur ot te 
erences The latter atin Ganges ot bing segheted a 
Ateated aa *Gninportant’ or“ ssperfcial “The notion of 
Evolution appeals very slongly to ut memtic dee (0 
“educe” everything 10 ee ane thing, But we ate naw 
beginning fo discover tat ater a on has Yee aged 
sav ongaam theres la great Gea! stout of acount and 
oncoquentiy, now thatthe fret Rach of enthusiasm ove, 
ie isto! pote of view tpt altracing wo mach attention 
‘Dr. C.D. Brod bas pointed out to ctor ‘nto which a too 
exclusive attention ta the gentic method may AH, hd 
hae ar of interest tothe ight. He wee 


NS 8 germs ee emirate oe cmp 
SOW Ray choi eve been deeeopet Sei of the cated 
Sele ek ae’ sraly innit than to recaraye Gferentes 
Sha hctoniy da tbe fe be wrcaecte. rea mabe the ater 
‘ree en Rave se Bane al Ube date for the vetion of OOF 
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ble, ad we or others wil ave Mt whee hare puahed cor 
itd s bide farther Bat wa mute che bese mbebe, 
‘oer data! we seroniie and the price Coabel ply UO 
Sheed ane we bees regen the at 


‘The second type of ertut is casey related to the above | 





aeocen 
$e eesmiy ofS the eo a ah 
{eit to tbnk atc is nag tot gee foe 
ie wet raktaate sioust ct Skat pacenind at the ome td 
alone tocthim AT Ue bea x ste ofthe himery 
mabe you Buk ft acts ve the hing seh Yo 
fue have Wiecd. Jou ee se Mgt whateret 
Sh hes at ba dae san ape 
stare et fay ae uu any a et eet 
“haenetevntics the Dmgnang so nod de tee the eharacer 
‘nie sinc Sete aoe resem te beac 
‘The present tendencies im Linky aze a car iUastration of a 
sgradval cceognition of the truth of what Dr. Broad say, and 
would be easy to find abmndaat instances of the consequences 
fof the errs be mentwons in the many speculations which have 
‘been supposed to ‘follow ' frum evolutionary notions, The 
‘potion that "C is nothing but A in a dixgaised forz* results 
from the prelormationist view of evulstin—a view which, 
ak ut shall we, amounts to a denial of any genie evalation, 
just as the ald prefurmationist view of individaal develypment 
mongted to a eaial of real development. 
propose now to examine the nature of historical pro- 
ponittons in the strict sense, Le. historical propositions as the 
historian knows them, and ta captrast them with so-called 
istorical propositions in biological science. 
‘When a historian asks: Was WiDiam 1 ctowned ? he means 
id the history which was William coctain « alloc Koowable 
‘5 the kind of currence we call" coronation ‘? The evidence 
[upon which he bases his anner consists for the most part of 
Dleces of parchment with certain black marks upon them. 
‘These are interpreted as baving been made by human beings 
‘ither during the lle of Willara Loc at some remote epoch 
reat that time, and also as having been made te convey a 
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meaning. In other words the origin of such pieces of parch- 
iment is interpreted in accordance with what we Know about 
{the origin of such things at the present day. Fram such data, 
‘nterpreted in accordance with such assumptions, the historian 
‘comes to conclusions, more oF less probable, regarding the 
‘juntlon winter Willa I, yas cotned or note 

Now whea a palacontabgist aske? Did the Permian 
‘reptiles leave descendants whith in suecessive generations mere 
transformed into mammals? he takes for granted that the 
foxsila found in certain rocks ate remains of extingt atimals, 
‘ust as the historian Lakes for granted (with due precautions 
Against fraud) that nts manunctipte anv Wteracy temains from 
‘a remoter epoch. The palscomtologist's data for answering 
the question consist, then, of fails interpreted in the above 
fight whieh, on grological grounds, are regarded as having 
been deposited a1 sncreaive periods, Finding a gradual 
change 15 these romans in a errtain ditoction be interprets 
thisas s change in descendants of some of the forms occurring 
at earlier pert 

‘Thus in both cases we have a description of past cvonts— 
Unigue serial changes whic are ants supposed to have oocurred 
fer, But in both cases we can axk farther questions, Re 
garding the covoration we can ask- Way? How? Where 
and When? And these furtier questions can only be answered, 
if at all by a farther examinatnn of data of the same general 
ature those upon which the inferences regarding the 
fceurronce uf the event itself depend, Similarly we can ask 
regarding the transformation af certain drscendeats of Permian, 
rept: Why? How? Where and When ?—and. these 
questions too ean only be answered, if at all, én an historical 
sense, be an appeal to data ofthe sate gcueral nature as those 
upon which the inicrences regarding Ue occurrence of the 
ry Tagen quan Wy? a fe 

lacontological problem means, presamuably : Haw did it 
‘come about that some reptiks were traxsformed, white others 
remained reptiles? Whereas the question How? means : 
‘What were the successive events io and through which the 
‘transformation was brought aboat 7 

"Naw it i evident that in attempting to ansecs the question 
How? 4 palacoatologist sould certainly appeal to the same 
kkind of data a betore. He would lope tu answer it, fit could 
‘be answered, by collecting a more complete series of ousils and 
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Dy subjecting them to a cower eerstiny. Blt itis also daar 
that the same procedure could hardly be expected to answer 
the question Why? in the above sense. To ask such a 
question is to ask what is commonly called the modus operandi 
‘of evolution. “It is to demand a" causal” explanation of the 
‘process. But as soon as wee raise soch a question we are no 
longer pursuing history. and we can mo Innger appeal to 
historical data. The data we now use are no longer com- 
parable to the hisorian's manescripte or the palarontologist’s 
Soils, but are all taken from proccss going on sow in 
‘oppaniams living at the present das. We ate Uverefore using 
Gata of a type to whieh no historian would appeal. No 
historian would sit duwea and sjecslate about why. and how 
William 1. came to be crowned simply (com his knowledge of 
the habits of Kings at the present day—the thing would be 
abwurd. But this sceras to be what we are doing in biology 
hea we talk about *cousal "explanations of evolution. The 
foaly data a historias would admit would be actual documenta 
written at of near the time. Inlerences from the prevent 
sould be quite useless foe dealiog with the particular storia 
cevvat, athaugh they enter in a general way in kadling him to 
interpret his documents as remains left by human beings 
But IC would be quite ridicule to argue that Teeaue neve 
‘days kings are crnened in Westmuinster Abley. ban at 

bishop and because William Twas 2 king, therfore Wiliam 
‘wat crowned in Westminster Abbey by an archbishop. More= 
‘over, to explain the " How "ef the coronation im terms of the 
specibe gravity of gold and the neuromuscular agyaratus of 
1 hypothetical prelate would be more ridiculoss stll—even 
ttthough there ts every reason to believe that the physical 
properties of gold and the physiological properties of muscle 
and nerve were the same in those days as they are now. The 
first inference would ta ridiculoas because we know that we 
Ihave no grounds for inferring that Decaste in modern times 
kings ate crowned under the abore conditions they have always 
1acen to crowned The sceond inference would be ridiculous 
for» different reason. Theze is mo ream lo suppose thal such 
‘an account of the matter would be incorrect t might be blame- 
Je physiology. bat ic would not be Airy. AU we have done 
ig te extend certain inductive generalisations backwards in 
‘ime to-a particular case at a remote period. We assume that 
‘the laws of nature were the same then as they are now and we 
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inter that what happens now when mascles contract also 
Ihappencd then. But this does not give ws genuine historical 
data about the precise dctale of tbe actual historical eceutrence, 
tenn only do that sf we have genuine historical data obtained 
by the historical method to go open. For example, if we 
Kknaw the precise welaht of the ctown and the height to which 

(vk anay be pussible o esl late how tmuch carbon 
nxide was evolvnl in iting 3 on to the ine’ head, but 
‘withont Home histwical sata we can make no Aisorical use of 
Ue imuctive Lae, History seals with the particular features 
‘ot wuique occurrences ac sarh, aad comequently genuine 
Ilntoried ata alone are of primaty value, Teductive generale 
laatinns deal anly with pervasive peneral processes which are 
‘exemplifeed in many evcats and comequcedly aze of no direct 
tue to the historian | We ean say’ that Caesar did not get his 
fect wet in crowing the Rubicon if be wore gun boots and if 
the river was not tux deep. ete, from our knowledge af the 
properties of water aavl gum-boots at the present day’ f howe 
[ropectios were the ames te time Carsar crossed the Rubicon 
Se they are mine. Hut only historical data would erable us 
to say whetber it eae probelie that he wore gum-boots or 
that the water wae noe toa» deep, 

‘Nowe we hare sun that cviution 1 a waigue event in the 
rome alk explaimeah Any ascertings we may make aboat 
it wil, Merefoe either be grauine historical propositions based 
"upon historieal vata, er, they ill he propositions involving 
‘he extvasion haekwanis in time of inductive generalizations 
awed spon olnervations of procenscs going on at the present 
fay. Ty latter will theeteze always be of the form 2f suck, 
far such ee the cae ao this will depend upon historical data) 
then sols and uct will alee probably hatte been the case, 
[provided (2) the incluclive generalization involved ie well 
founds; and (2) the laws of nature were the sae then a 
they anno. But if this is the case how can we speak of 
causal explanation of evalatinn ? We only discover causal 
eqalaritcs by puting things in eetain relations and observing 
‘what happens, anu thea teposting a stmniar series of changes 
‘with sinilar things but with cortaim constituents omitted 
But if evolution represents a unique series of ntepeated 
‘Ghanges which is past few e that guamible? We can only 
exten cawal Tnws at present opecating Tsckwatlt in time 

#90 pgp} above. 
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fon the assumption that they have never changed, but if we 
4 that wil this not amount to saving that i= evelution 
rothing has changed ? Ta other words may not evolution be 
an evolution én dhe Las of mature, at least 0 far a8 oreaniere 
‘ae concemed? This will require carefal consideration later. 
Meanwhile there are other points aboat extending inductive 
eraralaations backwards to be considcred. 

In natural science we extend inductive generalizations 
cither backwards or forwards in respect to time, and, as T have 
lady said, we aseume tx both eases that he ews of nate 
‘were oF wil be the same during the period either in dhe falare 
fr fe the past inta which they are extended. Now an iusport> 
ant difference in the fw cases lies the fact that a prediction 
fan be renfied simply by the metiod of "walt and see * but & 
projection backward cannot he verified in the samme sense and 
Thus this important sexcntiie demand cannot be full, A 
fresco profes to sy what will take pac. Bat ac we 

rave seen, a backward extension of an induction cannot do 
the same kind of thing. Ut cannot tell as what actualy (ook 
place, 1 can only tell ws srhat wil alse probably tave taken 
place if x certain change dil tn tact take place, Thus fo the 
fong rom we aleays come Lark to seme Fequinte datum for 
whieh we can unly se the historical wetbod. Now ket i See 
how this applies eo « particular example. Let us tale Darwin's 
aecuumt of how the Giralle came tv acquire his bing meek, 
whieh is given in Chapter VII of The Origin of Species. Tt 
fs assumed, of course, that the Girafle bas evelvtl Irom an 
fncestor having a neck of more avecage length-—either on 
‘actual palacyotological Uata, er on comparative anatomical 
data evuphed with Uie genetal Grory of e¥otution. since thee 
4a 0 roan to make an exccption in favuut of Giraffes 
Darwia says 
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He then goes on to point out that although theve differences 
18 impetance wo mctapece 

ie shave beam otterwine with the mancen iene, 

covsucing ke potatie tabaa oe for tae eae Re 

Sa Sactane pact of eevee pvt ol ther bad ter move 

Plngated thaw val, wont qroccally fave mavved Toor 
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[Now it is at once apparent thet the amount of historical da 
hhere available fs extremely small. Even il we suppose we 
have u mest perlect series of fossils showing » <ucceon of 
forms with progressively longer aad longer necks, this will 
not yields the kind of data we require in etder to make an 
ratimate of tho probabllty of the explanation offered, That 
changes in the immanent endowment of the race of aatcent 
Biraes took place is guarantced to us by the fos series and 
the general theory of evolution which is not in question. - But 
‘what we da lack are genuine historical data which will justify 
lus in supposing that there were perieds when all the food had 
been eaten up except that shore'a certain height so that those 
tnimais in this einteict which were below « certain tallneas 
perished and those abe it-—-even in the matter of an isch oF 
ror | ait see fam he Bee Ste 
‘of the (all ones woul alo petish during & deal 
chs state of asics weve cre called then of font only 
those over a certain height would have sorvived but did it 
actually bappen ? Only historical data could give an answer 
10 this question and from tHe natare of the case such data are 
naturally pot forthcoming. Mut ip that case no causal 
‘explanation of how girafles evolved is possible and iis just he 
lack of the reqaisite historical data, which makes 2 much 
speculation about questions of this kind futile from the 
‘Scientific standpoint. The whole story’ has a suspicious 
appearance of begging the question at all the eritcal points, 
and is the type of explanation which simply: puts into the 
beginning just what is required at the end.” You begin by 
ay ight variations im length of parts are of m0 
importance to rast species and then proceed to assurse that 
they were important ix the owe that you want to tor into « 
giraffe. You ako assure that each variation in length of 
eck went on oceusring in the same direction in Jater genera- 
‘ond, and that the competition for food was so ends that ordy 
‘tee tallest survived, although this did not aflct the young 
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ones, This is cerainly pot history, and as an inductive 
hypothesis i i quite untestable when applied to a particular 
case, The same remarks apply to the chval bypotlins. We 
are in possession of na inductive generalization searing the 
‘mods operands of evolution of sach high probability and 
generality as will fusify ws in asserting with any oonfdenoe 
‘what happeacd in an historical example.* 

‘We cam now som up the results of thie setian. Historical 
explanations deserites he suceesive clanges itnented in 
developmental processes citer racial or iivlivadtal. Ro 
they do not toll us anvthing abrut the rnutual relations of 
dependence of the parts in the latter case, ww 4 
relations of dependence of evolving organioats 0 
oF to their environment in the forme vase. These tw case 
fare further distinguished by the fact that in the develay ing 
embryo we witness » series ul cans whet sls characterias 
2 number of other events wherean the evolution uf sxcics 8 
in the stect sense 2 unijue seth 

"Causal" inaluetive eopenitens, wo the other have, de 
‘aot deal with uniqee even La wath Jervis Iypese aan 
Embryobogical propesitiows—evrn whe *terey ses itive * 
are indvetive and therehme mg tfitly Lisenieal Tey 
Aiffer (rom plisriokweal penganiticas im being contin (the 
formal course of events, and thie state githing alvot the 
fvutual depembrce of the parts. If indactias aie extol 
inte the future they can be verified, 
employed scientifically’ in respect ta pas cits if 
Distoricad data to furnish the requisite mint jeesnin, and i 
‘we are justified im assuring that canditiems were sue at the 
petiod in question that the inductive prnerulzatia. would 
then bave been valid, 
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Prefermstion end Epigrnctis 


We saw in the embryological seetio how the action of 
immanent grnetic factors armas, If twu rabbits im the same 
litter difter from one agother—one, say, Ucing Uiark and the 

oe detain daca of the ge of olatray and sap. 
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other white—se seem driven to assume that a diference was 
in some way immanent in the ova from which the tabbite 
began, provides Diack and white lave beth been manifested 
during their ancestry, aod provided, of course, that the 
‘Giflerence is not traceable ‘to environmental differences, 
Genetic factors do not "develop "—they merely persist and 
are tnvolved in the characterisation of what develops ot of 
what issues from the developmental process. I tried to 
reconcile preformation and epigrnesis by omking a distinction 
snot without dificclty-—between the process of genoine 
Increase of organization which was epigenetic, and the char 
acteritation ofthe parts thus developed, the fatter alone being 
the concern of the genetic factors. Bat it had to be 
rdmitted that the mode of development of the whole (e.g 
cleavage pattern) was also a character and would therciore be 
dependent upon ue immanent endowment. 

How, then, dues the sitsation stand when we come to evo- 
lution or racial decelopenent ? Sines the evolutionary change 
is accomplished in a suceinsion of individual organisms which 
‘successively depart from tbe typical characterization of the 
race we sccm driven to assume a. progressive change in the 
immanent factory, The theories of orthogcactis and natoral 
lection both ayeal to immanent changes, And the samme 
is ttue of Uirories of the Lamarckian type, which difle from 
the former onl zegardig the way in wich auch changes may 
Ihave come about. Thus any theory of evolution is driven to 
suppour change in the inavancet factors, —Orthogenesis 
‘apparently supposes that such changes occur in an orderly 
aahion in accordance with an immanent “law since such 
changts could not be correlated with general charges in the 
fenvitunment running parallel with the changes in the ongan- 
sms. Natural lection supposes that they occur‘ accidently", 
fie. it makes no auertions shoot the origin of the changes, 
tnd hence is not strictly speaking a theory about the origin 
‘of species, but only about thesr survival” Lamarckian 
doctrines are the only ones which venture ( offer a suggestion 
‘about the origin of immanent changes. They suppase that 
such changes occur in correatiun with the mode of Ife of the 
individual organises. When we remeaber bow completely 
‘ignorant we are about immancat factors—aince they are mene 

Tavs at, an nace checacod by, tee amociaion of the aeetion 
sbypothnan wich the this of Dare boc 
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methodological pstulaice in the ft izatunce to enable ox 
{0 deal coualy with the occurence of dierent characters 
in chnely ate ogame is ot sarpesing that we dould 
‘s compely in te dak ia sad to the qurstion of bow 
Shanges In hers are poe. sbuld be bore in ind 
{Bat Ihe question ofthe polity of canine immanent 
factor i gate lagependent of theories of even. From 
{he an seton i eam be sen hats thee can neve be 
‘erie since we are dealing with Matured proba Jor te 
Tolution of whieh the equi date are wot stable But the 
‘etion of the ofgih of changes inthe immanent factors 
ite a derent one. Itt a rover which muy bes end in 
theveate of mutations appacctiyt poing vn tadey and i 
teretore one eich 8 opto to sent intstesion* 

Now we saw in the ebyolgialsclon thatthe cromo- 
sume hspothsis Hraigcs the Genetic factors with partes 
Inthe Chima Uh rw an se of fe 

ties ‘which make Weir apgrorance ‘wh we attempt 10 
‘og hs theory into Eine with the dctine of evolution, and 
alto th another ypbrais—the Dwi, mane of 
{he ovgn of Hing tings (om the imc constuent of 
the world ‘Spreiatirs othe atte Kar sual carted 
{tin complete nega of many Tacs buat oan 36 
swe know ther todey, and iti Uecabe to examine them 
trom be gia point af sew to ace what ashsptons ae 
Involved. Such ‘speculations obvioudy not only. requte 
‘honer in the immabect factors bt poet ve an acunt 
‘tthe ong notte eft taser hat speesatons 
St this kind ace loghlyossctie and are i adit nto 
Science becasse they dort confit eth the demands of 
Xtaditional scenic ateilites, thou hy to seem fo 
onli with what we are alde to Gscover sbeut expen, 
Their afintien are mans chet to spective raphy ace 
15a ‘they should aot be wefan wh sili theories 
‘They art rest commonly todalgrd in by pisos ot 
Biochemie who are apt comely’ to igmre the watt 
Dilagal scienee-a precede which is peel lgiimate 
inthe lnboratry. but which inevitably la to contradiction 
im any atempt ata constructive thery 

‘beegtty ncn ant ecient he 

SCM Ret as So 
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All speculations abot the origin of lite wich conform to 

the type 1 am refering to begin with sable chemical 

compoués and ty to conver: them into tee living ones 

fama Asan example we can take Ue (alewing rates tom 

Steling’ Princes of Human Plyratgy. We must frst 

fn hat sid aboot cepa Ow pate ase 
.- 





Tey 378 tha oh “immanent ars whic 
iatagaitahe Nalco 
fy toa sl he pein oe np eer 
‘ald es campus pegs wpe pa sc 
ie ea ey ae sera toed 
Boor fats pose tebe thee 
aap sais: 
el en OR te Lo mittee cobb wade te 
Dscaresserean me ieee 
ate Sara cen cgtee eee ea 
ss 












‘iat pian npesenl by e pploe 
ine scone rman be poet oe 
Sr sere Ac ace eat 
a lela tend 
Pega gine bigt 
Emit 
vary sj a in in i mo 
sora Sores ci atte Seb eae 
Sane oe es erat 











‘Wehave, then, an unstable chemical system tending to increate 
Huelt under average conditions. But whenever a departure 
from such an average occurs it maesserily undergoes dit- 
integration, acd such disintegration smut also, according to 
the thove pamage, neutralize the envicanmental change which 
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tis calle it forth—it thn organism isto survive, But thir 
Cannot be what is meant. The change in the organism doet 
fot neutralize the changein the envinment-it"netalnen* 
the coaurgsenes for the ogoniom of sich changes. It the 
temperature of sy soem goes up the changes whieh take 
‘ict in une do aot oeatrie’ the change so my 7000 But 
[resuch that ay trmperetace doce se goup.” It ene then 
{hat our enstabs chemical stem req too distinct pata! 
{ihe part in which changes ae suppoecd saciealy 6 take 
place whenever the environmental conditions depart from 
‘the average, and (2) @ part in which changes occur (whether 
‘ pecemarily ' of not is not stated) which have the result of 
ettasing the hangss part). Abo the changes in 
Fart} ar ciancegnttona on the proper working of ed 
The ateial of the onamatsOependa khetanthe change in 
‘rt (@) ate presumabiy awimiltions. Tt scem that every 
Sofia requires thor tee pers as am ined mah 
ilar can be clad an gam and not 8 mex” chemicl 
poten. Chemal pace no we rd Gan in uate et 
ive these two ports altnoaghteeysorcive ence thet ethod 
of sreval mst be ofa dillcrent ature, 

‘owe ae gheman acount ol bow he Sst typ of chaical 
system waived out of the stam Dering the “choot 
TRimea! interchanges” which ase supped to have oseared 
then the earth was cling down we ae 0 Smagine that 

See TS geoperte a cemiaean penton od 
Bors eke ciety ose 
One of the worst fetus of speculation uf ti kod iv that 
tne have to emda cur etihes ath jot the prertice we wa 
‘hom to have, al tie tacks too much nding bad 
vee belive ajem osinct {et ecu 
Tegel paint of view ts procedore i any 
tore seypeciabie tao that of the vialaia The ay 
continue toh: 




















In this passage the author is in some dvubt about whether 
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1 ete thing he oe ced pam orgie Fc 
pra ta long te cin inky ges Roe 
Trib pena sep) ash bet 
rn nal sere Ed bee a 
ie mae anor cones cea pen on 
neg meiod Hons te sj ee 
ted et he compund meyers atin Sater 
poss in aslo hens t non Bat Se 
{tor ano fo gy tam ety 
istered mes ahaa ee 
si Siete eee ata 
Ferre tect ct one 
foresatiun of fertber uostable compounds.’ ca 
Sow wi eat ha a als ten ne 
tat utero we tow the and sae 
that hy toa Sant pa poy. Uae 
Srna nd yy rons prt 
os ns on wt 
pes ysl anu tne ool a 
nie” wv sec ah atti beg tong 
sedinnl hae ur nh of te oat 
fires iy Sort mang tt eps 
ty me teh at thee en Te 
ta ia "Re inditnWre hsp 
tions fly in the face of all ome present induetive knowhedge. 
It i simple dogmatism—acerting that ‘what you want t0 
tatse dln Serine Se genta tbo 
Fer ac same at ark gin 
Imi emda 
sauce 




















But before this great principle will work we require (1) organ- 
isms which vary in all directions vo that some axe *Atter 

‘han otters, and (2) reproduction through which other orgaa- 
isms conic inte existence with the same favourable characters, 
and (3} some form of competition. In other words we require 
entities which ate capable of spatial repetition by division 
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‘elng two or more organs with tbe same made of orge- 
ination ie. prsstent immanent endowment" Moreover 
to say the baths own demands regarding “adaptation * 
{he organism has to be equipped with prt (1) an (3) a8 
already explained." ‘Thus an explanation "ofthis kind can 
nly make oat cas fr ita Uy benging the fundamental 
{Gestion at are—the wena charetertic of am nga 
fave to be sureptiinly intraced im vague general a 
gage eple of the tepe ced" decibing 
the trou items of the known “by ieaving ot those 
bars of the Koon which is comenien to omit a8 ote: 
Aucing. by the convreint method at postlating jon thse 

fare necessary to make the expsoation yor ashi 
Row char this cular tps of explanation in mo ace 
fciemife snd can neither Ge tented nor enteriiced ae 8 
srorking Rrputhens Taeorstical inky bas. been ined 
Inthe past by speculations offic kind. "Sorh exert 
have to place in ees scieaife Wicratare and won be 
Srhvard ef in poses, [scene thereoee that Drie 
tot right faring: 

“The geen ara he eae pire oi of ie 

Sie great ouates ol pai sons Lianew aise a 
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Let us leave these speeslations about a hypothetical boy 
‘ing ad start again atthe other cad of the evobutionary story. 
Consider # newt and a frog develiping in the samae pond 
The differences between them, which beene apace and more 
manifest as their development proceeds, is aM exjtesaion, we 
suppose, of differences fetween the inanatent endanemients 
‘of the tio tners to whieh they belong. Now arcording to 
the doctrine of eacent these (wo races will ultimately converge 
{0 one race. to the common ancestors of neva and frogs, 
‘This race will therefore eithee possess the fmimanent (actors 
‘proper to both newts and frogs or we have to suppowe that 
some of the immediate descendants of thase commun ances 
1 change of a certain type occurred in the immanent factors, 
‘and in others a change of another typo—and that this type of 
‘change continued in the sane direction in each cave in at east 


{ }Saumce ant Piesopy of to Orgenow, Landen, 1908, 9. 262. 














PREFOBMATION AND EPIGENESIS “9 


some of the further descendants. That is to say in some the 
‘change must have Rone on occuring in 3 (ogey direction in 
‘at least some individeals, and in others the change must have 
‘gone on occurring in a newty direction in at least some indie 
vidaals, For the preseat let us assume the fist alternative, 
amely, that the common ancestor had a richer immanent 
‘endowment than either its Hroggy ot its newty dedoendants. 
[we adhere consistently t ths supperition (as sore biologists 
are inclined ta do} we ate that in general as we recede ftom 
‘the present into the past the race-events which are converging 
towards une another become ticher in immanent factors, unt, 
‘when we reach the primitive amocba-like mother of os al, we 
each a maximum of richness of immanent endowment, But 
wwe have amocbac still with us Are they then as rich in 
immanent endowment as their predecessars, or have they 
partly lott? Lf they are still as rich how have they contrived 
1 conceal the fact ? Il they have Jost part of their original 
endowment why have they pot alo changed? Profewor 
7T, H. Morgan tias an argament towching un Us point which 
appears tu me to le a very bad onc. On p. 3090! The Theory 
of the Gene he say 


arte me name 











(Se ASy a ganas s Sebo 
iy beet ete ea 
foeviet loumabe er be seca 7 
‘What this argument wants to assert seems to be this: Let x 
bbe the numbxe of genes in a human white blood corpusce, 
and let be the mumber of els a the human bady, Then 
iff x genes“ make only’ an amocho-likc cell” and if ne—s genes 
‘make ‘collectively a man” then “it scarcely seems necessary 
{o pottalate "fewer gence for 2 amoeba than for a man, No 
indication i given reganting how we are to get from the 
amorba-like cell in the premise to the amoeba in the *con- 
dusion *, These two entities resble each other in certain 
abstract respects. They both exhibit the cell-type of organ- 
ization, and they both exhibit certain metabolic changes which 
‘are comman to all catities baving that type of organization 
Bot it would be hazardous in the highest degree to ideatily 
‘them on these grounis. since theae act abstracted features 
‘common to almast all ving things. One is a whole organism 
and the other is an organic part. It would be safer in the 
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present instance to compare @ white blood-corpascle with a 
‘Raman ovum than with an amocha, for we know that the 
blood corpuscle has brea decived by division from the ovues, 
‘and a huuan ovum is very different kind of catity from an, 
‘amoeba. “But now doce any one suppose that genes mate 
cells or that Uhey mate men? We have seen thar Professor 
Morgan himaclf states that the chromosome hypothesis“ doce 
not profest to stale how factors arine of how they influence 
the developmeat of the embryo "(See above p. 362). And 
wwe have seen what great dificulties surround the whole 
‘question of the relation of genes bath to the characters und (0 
‘What ie thereby characterized. How thon can we ¢prak of 
fence mating cells? Cela never are made, hey merely. 
eras by division and elaboration. Bat the argument seems 
to say: x genes make a white blood corpmscle, therelore x 
‘genes ca make an amocba, and all yu haw te do is te 
multiply x genes by m asad mx genes will make @ aman, AL 
this seems to sugrest thal a mam is a conglomeration «tm 
‘amacbae, but whether this is reat what is meant itis dieu 
tosay. The esential point is thie: ene are postulated to 
account fur the persistent diflcences in the eharaeterizati 
Of genetically related organisms. Now the difference betwee, 
‘man and an amact is not simply a numerical ference in 
the number of cells which constitute these te aryanisms, 1 
he mumber of genes Bears any felation 10 the muttber ef 
"characters which distingisls onc <arganism from anothet 
hen, since the number of characters appears 10 be much 
‘greater in man than in an amoeba it would scem that there 
‘would be many more genes in the nucleus of a human ovum 
than in the nucless of an amoeba, and if al" somatic “mitotic 
divisions art equal there will be the sims number in a human 
‘white-blood corpusele as in the ovum. Gears are concerned 
with characters not with “malking cells. Sot of course we 
Jknow ao litte about them and about heir munverical relations 
‘to characters that arguments of this kind seem useless. How 
masy characters has a man? How many genes has he? 
‘These questions must be answered before we can diseuss sich 
arguments, 

Returning now to out original question about whether the 
Inypothetical ancestral amorba had a Fiche? endowment of 
fmumanent factors than its descendants we see al once what 
ifienlties such 2 suppastion lands vs into when wo are 
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‘aed to go further back stil with Stang. Arotha, ke 
ail iving things, divides and thas hands on complete ses of 
Joumanent factors to new spatially separated individial 
But if we go farther back we are sippased to Teach 2 Spo 
‘where reproduction by division does not take place but ving 
ings were ceated by the sticking together of inorganie 
‘odes. "What, then, happened tothe Semanent factors? 
‘According to some of the supporters of the gene theory they 
Ste themielves siogle organic molecules. We have already 
teen reason to doubt the truth of this hypothesis Now ve 
seer driven to believe thet the frst organisms had immanent 
factors (ene—organic molecules} which were mare ichly 
endowed than any of these of thet devcendante, Thus 
according to the backward way of reading the story the fist 
fonmanis although only“ unstable chemical systems should 
have the maxim immanent endowment. Would any 
chemist, examining chemical compounds chat an be synthe 
aed today, have any inkling that he had to ascribe such 
propertie to them ? 

hasan long. a3 we fea the story backward all gocs well 
antl we feach the hypothetical Begining. Then the whole 
scheme seems to be absurd, unless we are prepared 10 50 
Tat atoms and molecules posses immanent factors et at 
least that the Gra synthesis bad a richer endowment thas 
any later developments therefrom. Thea we have to tuppose 
that by repented division (accompanied. of course, by anubobc 
synthesis) theve immanent factors were gradually vorted ont 
to prodace the successive "forms of Sie". This account of 
the matter repeeseats evolution s 4 proces analogous to the 
Astintgraion of the radioactive cleats in which simple 
apacking is supposed to cake place. Bot whereas in tbe 
chemical example the waele Qing is soppored to be gradoally 
‘unpacked, inthe bologial example only fart ofthe organise. 
4a tngucked, namely the sud chrocatin, and wi a Yery 
carious segult. As the unpacking proceeds the organisms in 
‘suceesive menerations exhibit greecr elaboratenese of orgha- 
Hnation and characteraation althoogh the iztanent factor: 
upon hich the ltter is supposed to depend Became fos. 
‘These, then, aze the éifeaitis we get into when we start with 
the eisumplions of ziodern genetical theories and read the 
story backwards. We Sed an orginal ablagenesis very hard 
to balevs, 
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But suppose we begin with an origisa! abjogencss and 
read the story im the focward disection. We then bave 10 
suppose, as we have already seen, that foonganic entities did 
what they do Rot appear to do tow : namely they proceeded. 
{o combine together fo produce peogresively more and mre 
claborately orguatted bodies. In otdec to 60 this we have to 
Suppose that "coaditions" were very different thea fom what 
they are now--it being tcily aumoned that such inorganic 
‘entities existed then with the same ixrinsc properties as they 
hhave now. | Now when onoe we have lo appeal to hypothetical 
conditions at remote times, diferent from those we now know, 
‘ve cn tay litle oe nothing about such limes, becsnge al our 
laws of nature are dependent for their vaiity on the continved 
operation of conditions now operating, and we can say abr 
Ietely nothing about che empirical laws of » possible nature 
‘under totaly different conditions. [a other words we are no 
Jonger arguing from the present vo the past but are simply 
sacking that the past should bawe been such as ta have made 
Tssble what we are tying te explain, ve. the agin of living 
things. Hence we are meres proosnding in a cree, 

Neveribeless, suppese we wuive all this aod grant that the 
process bat been set guing. These unstable compounds now 
Proceed, af we have hamnt, to“ struggle for existence”. These 
ons ofthe Adamiess Eve procerd to butcher onc another after 
the manner of Cain and Abel, or at last to compete {or the 
available means of continuing theiz polymerization. But the 
* ruggle for existence "sa highly ‘teleological ‘motion which 
i aworta with unstable cheaucal compounds. Do nstabie 
crganie compounds strugxle fc existence at the present day ? 
‘They cither have to be preserved in araled bully-bee! tins, or 
‘hey’ become a prey to "higher organising". Bt im thove day 
there were ex Aypothew Bo Bigher organisms and bee no bully- 
beef tins, But if ese compounds could be formed they would 
ako, presumably, be im no need of protection, None the leas 
‘we Ate told that they were unstable and that was why they tel 
tostruggting for existence. But does not this savoet too much 
cof wanting 10 have the best of both worlds? Because arganic 
‘ompounds are unstable under prescot conditions we suppose 
(hat they were unstable under the bypothetiel past conditions 
But they are not fomed now under “natural” conditions: 
how then can we suppose that they wert formed and yet were 
tunstable under the hypothetical cexditions ? 
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Bat aven if we let this difiealty pass others still confront 
tus, “Eves if we ship lightly over all such difficulties om the 
‘lmble wings of faith we are stil aoc at every step with the 
problem of how increase in elaboratoness of organization could 
ome about Somewhers we rust stop making drafts on 
hypothetical "conditions under cover of which miracles may 
Inappea. We aze requited to reach a stage were modern, 
igenttical theories become practical polities, and (iis means 
That oor organisms were equipped sith immanent genetical 
{actors upon which their characterization depends, and which 
‘were capable of progressive change and multiplication by 
Giviaion. Natural selection will 2ot help we at all Because it 
‘only deals with the survival of immanent changes, not with 
helt origin. 11 helps us lo sce how some attempts towards 
new modes of organization would not be successful after they 
bad been reached, but not how they were reached. 

‘Thus the question of increase in organization is th 
6 the whole prob 








roe 
easing the sory backwards Ie id 
ing withthe modetn genetical ores 
Se started with ave lara achveds ada ped 
‘back im the converging series we simply handed on this 
levemest to more and tore rem ancestors he form 
ft reproventative packs. Bat ‘when we got bck to. he 
ening this procedne acme to land a abodes 
Cntadieone That te the cumseqecne of tbe" corm 

ton" ie which relases t admit a gene development. 
Tesuppois thatthe insane factors wre grodaly lst and 
the immanent enlowaent as & hole tecane Io cape, 
Sd this as have tld, ha the fare coroutcomsequees 
that ‘ae ihe paces contin the exganama cated more 
mmacifest complenity of characterization, 20 Wat with fewer 
Immanent. factors we. Dave more character. Now it is 
dlexrble to real atte stage thatthe ony entities we know 
Aad ecrve to-day to incre (hie mur of egariaton art 
Ute having the ci yp a resistin, ands nly occurs 
iat metazaa In proteros persistence 1 achieved through 
weclerodicing Soin, Bat = metas yee 
Aceves through partpestcing dion. In other words, 

teeter ese fc pera of patil epeateiity of De cle 
{ype ot onanieation sou speak. ade wo sn india 
{erstene with + consequent craze in eve! of oganizaina, 
But isthe changes stacked Dy geocts we Go Sot witees 
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{nerease in organization but variathon in the mode of charactet- 
ination. 


is now high time to Keave these apeculations in which 
evolation & chiefly thought of as a process of Increase in 
stctural compkxity, in order to consider it lite from the 
Piysolagcal aspect. Profesor’ Peesbrey, writing ofthe 
‘fects of the octrise of evolution on Physlology, says that 
“iCis a matter for surpeise that they are aot Tore obvious 
and defsite | He exprears the opinion that this in Because 
“in recent times phvsiology has Been sloied and even defined. 
as the physics and chemistry of lle". I bave no doubt that 
‘this has bad a greot deal to do with it because the notion of 
evolution is quite foecien to the traditional concepts of physics 
and chemistry. But thece are other reasons. 1h the frst 
place evolutim has largely meant, im the rinds of bicloeists, 
fhe study of plsisgenies, and this bas been a purely spatial 
stience—three-dimensinal sold geometts—a sees of fats 
Deing strung on a time serie. Pastogeny as been story 
Ihe istry ofa cries of form changes.” Pysiology. as we have 
‘cen, has nothing to do with history, ie. with umgoe changes, 
Dut wth the kindof repeatable pervasive types of change which 
fare called causal regularities. Other factors which may also 
Ihave something to do with the falere of physiologists t0 take 
‘mach interest in evolation are fr) the widespread belietamsong 
them that the doctrine of natural sclection explains everything 
bout evelotion and makes it sientibealy respectable ; (0) 
sous proms nes “sapaine’s snd tn inky 
of taking evolution seriouly in conjunction with the e 
sient materialism. or 
"Now iat has beeo ange, tbe strocteral aspect of organisms 
iy abstract ove in which time i not faken serio 
Dut in regarded aa something external, it should not surprise 
tu if view of evolution which i largely oanded on such & 
Tae should prove to be very onesiéed. If it is simply 
question of structural complexity with "fitness at diferent 
levels, it is dita to attach any meaning to the terms 
"bighes’ and “lower "as applied to organisms. A man and. 
the tapeworm he harbours i= his gat are both fit in their 
ha Eni inh Ligh of Modere Road, Len, 193.9. 384. 
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respective environments, and differ only in their structural 
complexity. If we consider the evolutionary transition from 
2 fish to an ampbibina itis eany enough to comrelate this in & 
general way with theie respective suroundings—water in tbe 
fonc ease and aicin the other. There ine question ol higher” 
for "lower "—one is Bt in the one medi and the other is fit 
‘the other. But when we compare a reptile with a mammal, 
fr the whole evolationary " adaptive raliation ° of replied 
with that of mazamals, this interpretation does not seem t0 
Silfice. And yet we speak of samumals as being higher than 
‘epliles, and we regard a fish as higher than a medusa, From 
‘a parely morphological point of view the diferenoes are 
differences of structure. But there is no vinive in mere 
‘iructural complexity a8 such whieh wowld justify the ube of 
the term "higher The meaning of the term higher and 
lower only becomes apparent when we Jeave the morpho 
logical point nf view and regard the organism as an organized 
system of events arsong 4 complex of environmental events 
‘whieh are not organiced as parts of one enduring thing. A 
rmamial i higher than a reptile because ii independent of is 
‘entivonosent toa greater degree than a repliloma familiar 
inalance of which is seen in the existence of heatrepulating 
‘processes in mammal. The reptile bebaves in telation to the 
external temperature just as any inorganic body does, but im a 
‘mammal this # pot the case, since, within certain limit, it 
Preserves a cangtant teraperature, Now when changes in’an 
‘Organism are ditectly correlated in « simple onc-one relation 
‘ith changes in the environment we can call such changes in 
the organism snorgemie reactions, Bat when, on the other 
hand, changes in the environment are followed by cbanges 
in the organism which render it independent of such envirea- 
mental changes, then we can cal gach changes in the organi 
‘ological sesponsce. They exidentiv imply a level of organ- 
ination above the inorganic level. Consequently an organism 
‘can be called "higher "than another organism iC in a given cet 
of ireumstances it exhibits biological responees and the other 
organism dors pot. Thus « medusa is carried by the tide 
Just as any fleating body might be, but a fc is able to ewim. 
fgainst the current (always of course withie certain limite) 
cand preserve a given preition. An evolutionary series may 
bbe called ” progressive” if the succeeding members show 2 
‘gradual sobstitution of inorganic reactions by biological 
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rexponors, Consequently evolution aloug. the progressive 
linea represents a proces of achievement of increasing inde: 
pendence of contingent eavironzental rcemstances. "Where 
Srgpnisms are said to ° poucas avnds" cendering.prevsin 
Doaable I is not dificult fo we! that an enormous possiblity 
Ot lodependence of contingent circumstances wil thereby be 
ebieved, This is well Uistrated by the view of those who 
Bek tat the ee im of ace i pretin in the eve 
l an. Progressive evolution thay appears to be proces 
‘feveltiontomards reedor from enviranmestal contingency. 
‘Accordingly the notion of * adxptation does ‘at express 
‘dequately what "seems to. bave occurred in progressive 
revolution.” Two organises may be perlectly adapted to their 
fnvironments and may be sucessful i the strugee for exit 
‘noe, and therefor, irra the pit of view ol adaptivenes and 
Survival value they mas be on an equal fooling, and veltber 
is mote of lew “high than another But one may have a 
eater degree of freedom than another. Every ome Knows 
that closeness of adaptation mas prove ts be a diadantage 
toa race of orgaiana itt roca tn of plasticity of reponse. 
‘Adaptednes & a clumsy method of yorsstenee because il 
felies on perstences im the envwonment ‘Thee is no such 
‘hing as Staptation if by that you mean a ala, haste a 
Ianing organisa never bin a ate ice tempal diferentiation 
elongata its very exence ‘But there are riatvely stable 
‘€ pervasive featutes in Ure euvirenment snd what wr call 
‘daplations of structure arc the visible appearance of bxity 
{of onganiaation in correlation to such pervasive viene ntal 
Features, Sach" tagainay in the orpomiztion aid mde 
of eharacerianion ofthe complex of events which is known a3 
the living orgtnium, x2d bali formation in the payeliologkal 
Sphere, are exampica of adaptedess with lus of Hoey, 
If we could believe that such stagnations arose ia the fat 
plice a» biological expontes which became incurporat! in the 
thytlan ofthe cace wed perate in wire of Wet success we 
ful a rcopelatlon between Darwinism and Lamarc 

inet. But such speetations ‘ust, i soeme, ever remaia 
beyond the reech of empirical werifcation and will Uereore 
perhaps always belong only to the real of tith 

00 the ntltve” ot fae the apesistne standpoint. 
kh ny veal ey tan pom ya ta eco 
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‘Thun among orgnisns we seem (o have the following modes 
of persistence: (1) adaptedness—relying on persstences in 
the environment, In 2 given ogganism sccve parts will always 
bbe of this natare—eg. respiration, stream tines, ete? (2) 
plasticity of response'—eg. regeneration, substitution of 
samt pyc factn) aptly 
mit } 3 (3) spatial repetition 
divin inthe bllglal sense with peatesce of imme 
endowment. 

Evolution, then, so fer at least as the progresive Tines 
are concerned, cannot be regarded a8 fundamentally m process 
of inereasing somplexity of anatomical structare—that is 
fonly an abstract aspect of it. Here as elsewhere we mast 
think of the onanism in term of charseteried events. The 
Physiologica expect is accordingly the mare concrete slough, 
it can only be studiod by comparison of organisms now living 
But frum this point of view evolution along the progressive 
lines appears to have been a process of achicvernnt of ine 
ceasing fcedom from contingent eovironmental team: 
staners by varinus modes. 

‘Now it one of the three senses of the term function there 
has been no eviction of fonction. Ail living things share 
certain fondamental "metabolic activities "assimilation, 
espiration, and so forth. And this fact scems (o have been 
partly responsible fr lack of interest in evolutionary ways of 
Thinking among physiologits. ot these Sundamental 
“functions” are enly the physiological aspects of organized 
system of events which are known £0 ws in visual pereption 
‘as having the el-type of organization, And just as, in 
ovelopimental processes, we 'witbess visually “a radual 
‘increase in levels of organization achicued in virtoc of the 
spatial repeatability of organic. parts having thir type of 
organization, in just the same way thee funtamental 
“functions "are bust up into systems in which the individual 
activites ae sabordineted as part-everts organized in 
fartcwar way which ie able fo eae ilgical espontes 

rsa although is roe in as abstract sense thatthe "funda 
‘mental vital activities “have “remained the same they have 
cotered ax partcvens nto makes of elaboration which bave 
valved. 


See below, 436 
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0 
B-With the results of the preceding sections in mind we now 
have to brace up our wits for the extremely diffeutt task 
‘of 3 Gina assault on the problem of preformation and epigene- 
Sia, We have scen how deeply rmoted it the objection 10 
admitting the possbiiny of development as 4 real proms, 
This objection ‘was operative all through the XVII, and 
XVIIT centuries against individual decedopment— vo fower- 
Sully indeed that people actually seve under the micruscupe 
the biuman ody preformed in the sperm. Thit Aificully 
Is overcnme, in part at least, wien we find it tenable 40 a 
fundamental property of the celltyye of urganieatinn, Hut 
the same objection is stil operative. as we have seen. aginst 
the recognition of racial development, We mast eancentrate, 














manent complexity with temporat yaasoae we come inte 
conflict with the doctrine of un exiginal abiogrneis, It 
eereage in immanent endowment with evolution is tre 
‘hen either (1) the original abiogenesis was a miracle, im the 
sense of process for which oar present kiwihslee can give 
tus no hope of wndcratanding, ot (2) it atl not bape, 

‘the original" complexity "came to this earth feoms emir, 
Which simply drives the miracle away to another part of the 
tuniverse, If we do not lke either of these altcenatives we 
‘teem to be driven to asmit yrogrewive incre in compe 

‘of the immanent factors iy the course sf evelation, We 
should thea have inerease in ibmnancat comphxity with 
erease in manifest laberation, imsieal of the pauloxical 
rerease ip the latter with decrease in the tyres. The come 
sequences and natuce of this sdwiion must therelyre be 
onsidercd. We shall not then contlict with the docivine 
‘of an original abiogsnesie nor with Roden genetical theotict 
[provided the later are couched in purely conceptual terms; 
Dut ia such a view compatible with genetical dactrines ex: 
[prested in terms of matetial particks after the manger of fhe 
‘Slamical materalsti tradition ? Belere we grooved further 
in this last and must diftcul stage uf our sindy of this on+ 
tinbesis i wil be wel 10 cllect together what se seem entitled 
or requised by empirical data ‘o say sloct immanent factors 

















REFORMATION AND EPIGENESIS 419 

() They are capable of perating trongh enormons periods 
of tine wth very ile change, being corelated wit) Ie rote 
a les diythmical sepetition of the characterization of those 
‘events which constitute the life of cach individual in given 
Face—and with extraordinary prechion, even in the fete of 
CGnsiderable environmental variation, 2nd to 2 btge extent 
Independently of what happeas to the individval i conse- 
peace of contngeat enviconmental eircumstanees 

{@) On the other Nand, sf evalation is tre tac immanent 
factors have, along certain lines, undcrpane &. progressive 
change in a dobwite direction coreated with the substitution 
{a the inuividual of inorganic reactions by Linlogical responses 
issuing in new sardes of persistence in virtue of incressing 
independence of contingent eavitonmental citcumstanees, 

{G) But there docs not uppear to be corclated with this 
in any very clear way’ @ gral increase in volume of the 
germecls or their pucks Bit measurements beaing. 60 
his qvesuon are obviously very dificult to make and to 
iategpret. 

(They eanset be" kouwa 2s ehcmicad mokecuks bese 
they are rquired o be capable of repeated division without 
low of specitcity. But thew are rogue to have an atomic 
Garacter, and a definite yetnstent ganization #0 34. 

{G) They ate hypothetical cates povtted ia accordance 
With the assumption tat differeaces between natural entities 
Fst either be traceable Uy natsde events of have, existed 
{rior to the manifestatnin ofthe aierence in same *occalt* 
form. "(Se footnote op. 33. 

Now he difielty of fccumcling those reqoitements— 
apecially the sceond—with immanent factors conceived a8 
‘tle aed ops is suficiently ebvious, amit we might 

nterpret Bateson ceitrated Wetsh. Asocation Address 
tsa elatation of such swiew, We have tnon ung to come 
ceive evolution with the aid of concepts Loroned from 
sphere which knows nothing of sock 9 process, namely the 
dlagical mechanics of the XVII, 2nd XVII centuries, Now 
{isan important maxion in sciace not to try to explain the 
‘wrong things. Goethe, in one of his letters, wrote: “The 
Greatest artim Meocctcal and practical lite conists im change 
{ig the problem ixto a postulate: uat way one socceds 
Teimay be, then, that in trying to explain cvoution with the 
‘8d of the notion of the material parte borrowed om 
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mechanics we have gone the wrong way to work, Prof 
‘Whitehead, writing of physical endurance, says : 





In every explanation something is taken a fundamental and 
the eest ie interpected im term of this, If yuu) take the 
fiaterial pastels a6 fundemental sua are contrnted sith the 
problem of how evulation is possible, Wherever we have 
48 set of characters penisting theitich 9 period of time 40, 
that we find the same set af characters in every temporal 
sling of that petion we have & fetseteal material hing. which 
offes litte aid in interpreting evelation and is itself, according 
ta Prof, Whitcheat. an arbitrary fact at the base of the 
order of nature. But if sou tur your peoblem ita a pasts 
Inte taking evekution ag fanelamental, 5 3 process in which 
rods of persistenre are progresitely achicted, then the 
material peristing thing is self intespried ag an onteonne of 
evolution and is to» linger an arlateary Hact.©| Moreover, the 












proved $0 
‘be capable not only of ein” mghout 
Histatal route of evens bat abo, a6 T have pointed at, 
Cf spatial repetition, And when we come ty the Metatoa 
‘we find thie poperty making further peogrenive change 
Powible, since this type of organization ¢an Te tepeated to 
Shel fare in one eaaniom, siekling pemilates sf ite 
farcry in ahaa of clabncation forthe bul 
logical responses and herve nce modes of persatence 
trhar develops in the fii ists ganization, what 
evelogs in the race ists mode of porstenn 

Te has otten been said that one of the great merits of the 
Darwinian thenry teats on the fact that ieexplainsevolstion 
witkout appealing to any but "natural caus" There is 
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po auch Ching as 2" causal explanation’ of evolution. The 
fundamental tequisite—immanent change—is simply taken 
{or granted, and the doctrine is committed 10 ascribe to‘ bits 
‘of matter properties which they do mot exhibit to-day, as we 
Ihave already seea. Prople who say these things do not 
‘eppear to have thought at all deeply about evalation, but 
‘would seem to be in precisely the same postion as the re- 
ligions thinkers to whom Prof. Whitehead refers in the lollow- 
ing. pamage, where, speaking of the rise of evolutionary ideas 
using the XIX, cantary, be writes: 








Sesfinge rergeecens se cegecgrowive fit the weet pease 
SORTS SESS ae cies ogee 
‘ow snteregeat ates of kis comopler ergaciona he doctoge 
does sic fs concepts of ognonon oy funda fot 
Satine We ao stquees Sh aececiey actity a abeanmal 
SE sane tog eran iver tstevc ng 
i atvencens of orga 
‘But orthodox biology, lar {com searching for an adequate 
‘conception of organism. has been trying to inteepret organisa 
Dy taking bits of matter as fundamental on account of the 
‘Wecest of that notion in physics. But we are now bar 
how critiiam (om tlaee pointe of view—epistemalogical, 
physical. and Biological—is converging to displace that 
ation trom the Gandamental position it has hitherto held 
in the philowny of narore. Thus bislogy is being forced 
in spite of itself to beecene Biological! 

‘We must remember, bowere. that we are here confronted 
with a choice not of alternative interpretations within a 
riven metaphysics of natare, but we are invited Lo revise 
that metaphysics itsell. Turning oar problem into a 
* pontllate "in this way simply means a change ia our ativude 


| Seumee ond the Modern Wid p34. Ck J. 5, Haldane: “Since 
at alimetay ae at gale ig the pele wes of 
Better ad petrpy te ter ol Oe cong of oases 
Mudaniew Lge tod Permmaity, B38. 
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‘to what we are fo vegard as fundamental. How the details 
are to be worked out is another matter. Asi in this place 
We are not coneemed with the extension of the notions of 
Urganism and evolotion in the way conterplated by Prot 
Whitehead, but with the particolar problem of ‘biology 
ftecll ‘What ip detail would be the consequences of such & 
change of ‘front remains to be seen, but one consequence is 
‘ficiently obvious, fc wocKd help to Jom biology aut of the 
tut of orthodoxy into which it hax sonk in the Deli that 
XIN. century physics peovided a basis uf unquestionable meta- 
physical certainty which rendered any eritclms of founds. 
ions unnecessary. Tt would encourage the development of 
independent biological thinking. and an unprejudiced return 
(othe consideration of obzerved facts and what they suggest 
But of course it would not io the least prejudice biophysical 
and biochemical investigation a3 contrasted with speculation, 
‘How, then, do the dffiultics we have been confronted with 
ln ths chapter appear if we abandon the notion of materia 
particles (as ordinary understood) as & vebiele for the in+ 
Terpretation of genetical data? And I raise this qurstion 
‘rom the stacdpeint of critical theory not fom that of heur- 
isthe convenience, The important Tact that has emerged 
is that such simple roinded notions fad us inte contradicts 
land apparent atures when we try to think them out in 
‘evolutionary terme. HT we regard what is persistent ina 
ven race as represented by particles whic 
reshufling and are handed on fun one ind 
wwe are driven to admit ether that x Complete wt was pest 
from the start of tha! sets wore progressively built-up by 
additions frum without, We also ere asked 1 conocive 
‘hose pattvles as causes related to Oe manilest persistent 
character ab efits, aed this as we have seem (p. 364) seems 
to requite ennotancy. not only im these particles dul also in 
‘tue medium in which they we supposed to * work. This 
ako requires constancy in the relations between oes sinor & 
fiven character involves metual reatives between aasees 
9f celk and their relation 10 the whole— transcendence of 
felt’. Im other words, the constancy of characterization 
(Gf the whole for a given ‘normal’ environment, which it 
‘what we observe and begin from, seems to be cequired even 
for the carrying throagh of the hypotwais that thi character: 
aation ia causally dependent spon the constancy of only # 
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part, namely the hypothetical particles This then seems 
fe be the position into which we are led by the attempt to 
‘bring genetics! data into relation with embeyological and 
evohitionary ones. and clearly these diGiculties reat on the 
lack that our ordinary modes of thinving do not provide for 
eaing with developmental problems. It is the old dificalty 
of reconciing persistence, change, and temporal 
What penisis in an organic race ls the mode of char 
acterization for a given environment. Bat this mode of 
characterization is ot of the kind which can be displayed 
"ot an instant", because an organism i such that with 
temporal passage new spatial parts come inte being and hence 
's characterization changes. But for a given period of ite 
[story it will have a mundo of characterisation according to 
the race of whieh it is a part, and this can be matched 
coresponding periods in the histories of its predecessors and 
successors. What passes and is therelare temporal is the 
‘riven period '; what persists ix the mode of characterieathoo 
of that period.” The hypothetical particle are invented (0 
bridge the gap between a giver period of one history and the 
corresponding potind of the next What we observe bridging 
‘the gap isthe rest of that history and the frst past of the next, 
which latter begins a6 a separated part of the fst exnibiting 
the celhtype af organization, This type of organization is 
lisell persistent, 12. a character, Jt is the entity of whi 
this in the peristemt character which is apatially repeated i 
evelopment. Bat the developmental process cannot 
adequately be described in terms of such entities and their 
pers but requires reference to their organizing relations 
‘hich change as the new spatial parts come into being, Thus 
characters do not develop, they persist throughout & race 
although only charactcriting certain temporal parts of the 
ace, and consequently the genetical theories are dificult 
to being into relation with the theeries of development, 
Developmental theories, whother individual of racial, 60 
‘ot deal with characters bot with processes, Le, with orgasms 
‘as events in relation (o the events copstituting their environ 
rents. Accundingly we are brought to the conclusion that 
‘thls pusale of preformation and epigeness is bat an aspect of 
the much wider question ofthe rlation between the events of 
nature which pass and the persstences of matere, and betwrea 
the re. 
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what is actoal and what is possible asd how posites 
Teovme actal. “The scent way of dealing with och 
protiems info regan the posites an stored up in what 
EMinw acta. ‘ie fetus puntble explonion i thought of 
th stared up in the gan powder x the form of potential 
togy aot the fotare characters of the ecbrye and adult 
Shr Gioaght of ax stored up in the gee call Jo the fone of 
particee eaumlly reited fo them. “We Gist in thin way 
Ercause this fs the way o€ Chinking mich is suggested” 
tminds tried in dang with probes on the comen-enae 
level of experience. Many people are incised to follow 3 
Bergen in conclaing that scientite Urought can only work 
in tin way and that tonseqeeny there can be no ecence of 
the oyomum. ‘Bet «more bopetalalcreative woul be (0 
tey to overcome thes inkeitis tod develop other ways of 
inking. Foe il oxz minds could develop one way of thinking 
{hey coud sho presumably devehp others, bat ie aber 
{alaitially (0 te one way we sll never Rod any other 

Dr, Julius Schultz has written an able and subtle discussion 
on this saitheain* He i elower cf Valhinger and vides 
Ail sclntibe theories into. hyporheses and ction The 
former are datingeished by the fact that they adit of 
copia tating, whevens Coe later, thou they tay De 
‘Valuable for purposes of generaaatio, are foe ever removed 
froma empirical verification. He traces (be antithesis between 
Brelocmation and cyagencia to an uaavoidabie antinny 
foe which spring two, posite views giving nie to 800 
{Uifecent typo of cto ‘hich can pever be teomcled 
fame they can never be put (0 the empirical tet. Dr, 
‘Schults’s first contention is that the fuadamental biological 
Frotiem i a toon probecn—allbiskgical phenomena resolve 
Remocives he sayr int procemen fa which specibe orn ik 
tither brought info existence or peewseed. This T dhol 
Dot sment to beesue form is ony an sbaracted aapect of 
the orgaoiom reraing from the seperation of apace and 











ACA Jame: * Teapot btn fin repeated ha th tespbagt 
er one of cu kieal systems of reizonnl rtialions 16 the 
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time, But itis evident that Sor Dr. Schultz even“ function’, 
following. the scienisc: tradition, abso reduces 10 "form? 
incr be obvionaly thinks of it ax consisting of a change ix the 
‘spatial elation of particen* ‘Dr. Schults goes 00 to explain 
bet in order to make exertions aboot organic farm ve 
require x general concept to express the persntence of form 
in the midst of change of stull oF metabolism, We require & 
‘correlate tothe category of substance as employed in physical 
Aclence, 4. t0 the concept of mater which expresses the Der- 
sisteace of stuff with charge of form. Dr. Schultz gives the 
‘nace ‘individuality " tothe requiced concegt. But ex- 
perience fails to conform to the falslment of this postulate 
Siace we find unceasing change of form. "hes from tbe 
tnion of the categories of individuality and change a category 
of lower level is born the concept of ~ development "Ta 
this way (according to Dr. Scheie) arises the notion of a. 
Individual as that which develope its fora “st of tact accord- 
ng to its own rules’ in contrast to deat things whese form 
merely perssts uatil modifed by outer influences. From 
now onwards according (o Dr. Schulte farther thisking aut 
‘of the situation leads to an antinomsy since ili evident that 
the onter workd must in some way contribute to the develop 
ment. But how are we to conceive it? Are we to Ueat 
the external events 45 merely “conditions for a devel 
menial process which is internally determined, or does the 
eaviroament work Co the goal together with the "internal 
‘onatellalon "on equal tecme "2. On p-ai Dt. Schats says 
"HE the ones word i to dcicoise tre devchopment athe 
SET en Tet ork tvonah's peeenoone mesiin Pce 
tive fren acest ast” Toe angst to we 
‘cr ovm benavoat rai by 
Fanos Sick sapped pantalies Wt teete farm aren 
rebemed tate fre 
‘Thos Dr, Schulte seems to suppose that epigenesis means that 
evelopment starts trom a stroctarekess beginning and that 
‘the only alternative fs to suppose ‘all powsbilitis of foture 




















426 PROBLEMS OF BIOLOGICAL KNOWLEDGE 


forma already preformed in the germ". But trom shat hea 
been said it wil be som, 1 think, hat this is a false way of 
staling the antithesis. Dr. Schultz's arguments rest on 
foundations and a prici modes of revoning from which 1 
Dave been frying to escape, and it is ot recessry to 60 
cer all his agus. Bat the lat sentence inthe above page 
{s interesting in connection with the conclusion to which we 
have reached, pamely that (his antithesis is a "special cae" 
of the muuch wider philosophical problem of the rlation 
between pomsibility and actaality. And connected with this 
is the use of the canal postulate, Only what i> manifested 
is actual, and we think of what we expect wil be manifested 
fax" intrinslepropertin "oc "posites. This works well 
‘nough for individaal development becaust we begin with an 
entity. having the cal-type of orgenization with avcain 
‘Gaumed intrinsic propertin. These are manifested through 
‘a epigenetic process, which is epigenetic because parts NOL 
eviously prewnt gradaally come inte being in virtue of the 
pata repeatabiity ofthat from whch we start at Inca, 
trith this: new organiting relations came into being. Hence 
‘he intracellular elaborations which appear in these pavti 
can be interpreted as ersiting tors thee intrinsic sroperti. 
and their organizing relations. There is nothing here 10 
Contradict ‘the causal postulate. But sehen wr come to 
‘evolution we ae 

[properties gradually 
Ihe celhtype of argunization acquire maw intrinsic propertics, 
which they did mal possess Detare, if evolution ix epigenetic. 
Moreover, not merely characters depending on intraclslar 
elaboration are involved. bot new modes ol organization, in 
virtue of which greater independence ot environmental Ct- 
Aingencics is poate. ‘Thus new tucks of elaboration of ew 
‘ors are involved, and this presupposes new * 
properties" and 

fquestian. 
Atinsic properties we want in accordanre witht 
akie. "Bal to amume this im the case vf evolu 

to samuroe that it is a purely ' preformationist” process, 
‘which confcts with what we aeez to obmerve and aluo with 
the doctrine of ax orginal sbingeneis. or it i to beg the 
‘very qoettice 2 ismue.~ Hence the” categoria!” nature of such 
a process ex evelution. Either the eal-type of organization, 
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or rather the entities exhibiting it, are capable of enhancing 
their intrinsic properties ‘of themssives’, of the changes 
in the environment are capable of exhancing them, But 
how did the environment enhance the intrinsic properties 
of the cals of the ins of the newr's eye to enable them to 
restore the lens when it is picked ont—an operation which 
is hardly ely to have occurred ia nature without destraying 
the whole eye if not the whole head? We are Jeft with the 
denial of evolution as an epigenetic proces a5 the only 
tlterative—and thus with “evaiatio’ in the olf ene, 
‘as a final postion. It is interesting ¢o recall what Dricach 
bas 4aid on this point in connexion with the * concept of 
‘univocal determination” as he calle 








iremionn ot the principe tf en 
couse Satan in ft ane a wah od 


‘On the next page he writes 


+ ony ping of necator wovocaddeterminatic teats to 





cexoplbray that maybe ar kappen tn the wnvers, thant #0 
‘itr the character abd tater ofthe change ft cae 
SX tope that hapyers 11 mont be gure monrwide to 


Shsume' anything Com, togh ot cnsumpsoe ends tothe conse. 

jue rage a2 it totter notre erally tem fae" boppot 
nywere nthe ners 4 Doppesing 1? oycue' ae ie 
Be Ream of we od” 





‘One wanders how any one can be on such intimate terms 
with‘ the universe” at lange as to be able fo make such com= 
prehensive asertions about it ax these. Bat if epigencsis 
4s ‘inconceivable there is ne other ceeourse but 9 deny 
biogenesis, Dr. Schulte appreciates this point, and accord 
ingly his Sctitions "biogens are eternal and indestructable. 
Pethape, then, the deepest question which can be raised on 
‘behalf of biological “Knowledge ix" this: How can. the 
* pomibilties of = natural enlity be enhanced? And the 
only answer seers to be: By evolution. In other words, if 
cvalution ig epigenetic nature canaot be wholly "uniform 





* Sconce am Prise of te Organon, 1208, B13 
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1n considering these diffiextes raised by evsbation one ib re- 
minded of what Prot. Whitehead hay said of time: 1 
Poatble to meditate time and the mystery of the cra 
Dasmage of nature without am overehclming exotion at the 
imitations of the human intelligence.” 

Before conchating this laog chapter T would remind the 
ceases that my primary aim has been to analye the ifiesties 
of this anitheds as ckarly as can rather than fo offer a 
ahemative 10 existing speculative theacien The topics of 
Division II uf ths chapter appeat to se for obvious fegons, 
ta be of ite impoctance far sccatife biology. but thowe of 
Divino {revolve four one of the mont important themes for 
future investigation, namely, the peablem of the relation 
fetween genetics and embrssiony In regard to this problem 
there appear to be mom for great improvement in oor existing 
‘notion. a9 Ihave tried to show, bat sach suggestions as {have 
entured to make in this direction do not proless to be more 
Than tentative. The distinction Betwren pas and. char 
sclersappeasa to me to be important and fundamental, Also 
iets a rustake (o mpard characters a> dependent Xzply om 
‘renee and * environmental” factors, ince the orgie 
never simply consis of grtctic factors. Accordingly 1 have 
sed the term itomanent factors” fr all factors fastlated 
tm the side ofthe organism, aro thee only seme wll be the 
factors postulated by Meedelian gractis 


Concept of Naterr 2 7. 

















CHAPTER X 


‘Tu Avritunsis merwens Tenzorocy AND CaURArion. 


‘ALTHOUGH the notion of teleology is regarded as a thoroughly 
tincientie onc, aod iy numbered among, the bogies of bio. 
logical thought. we are perpetualy encountering modes of 
fought and expression Inthe works of Biological wtters 
Dt all eres whieh are i some seme" teolgpieal y even 
{lthough apology is sometimes made for Wem om the grounds 
f convenience of expression. This fact—and it certainly 
Js a fact—eals for some cartfst cxaminalion. We require 
{0 lear vp some of the contusin which attaches To the term 
(chology ted we require to Koow in wat sense Ri volved 
in biology and how Wtf tet tologcal modes af expression 
are 20 dificult to avoid in biological deecription snd dist 
Sasrion. shall Krst give some quotations (com erent 
Biological writers which Wastrate the above tendency and 
Ali tently to the Anwrahe value of telvlgical nations. 

‘The At bi lrom Starting’ Principles f Human PRysilogy 
and bis already been given in part im the preceding chapter. 
‘On ps he wees 





“Every pate ot ctv m 8 ng being mane Yet ty 
MOET epee pe erred tone TS 
Pate ioe chang so eo 








ray Sat cists st nent of gy 
‘Also on p. 8 ofthe samme book this author say: 
“The rae of apatite ny foret  t 
peel tag eget Wea tok 
mea ‘cas be expeoweed by meant of the concepts of 
ro 
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‘The next example is from Sic Chasles Sherrington. Any one 
trading his oeebrated book, The Tategratine Action of the 
Nervous System, can hardly fail to be struck by the highly 
“teleological” nature of the systems of reflexes. described 
and by the importance of this aspect in thee interpretation. 
On p. 235 the author himself cals attentien {a this when he 


"Tw pcposr of 4 rete sacs a8 ngitimate and wgtnt an 


in Ril eas ae 











and on py 238 he adds 
ahaa tel ht do et ina a am he 
Inoue petpom bean eakpicd act 
‘Thor both of thee physiologints tratity to the heuristic 
valve of the stody of "purpose" and i the contest they 
‘both appeal to an histical explanation coupled with an 
inductive thevey (natacal selection) to account for how this 
furponivencss came abowt. The sext example is als (fom a 
pvsiologist. hut ore who approaches the: qorstion froin a 
Uierent standyeine De JS Maidanes ut the end ut the 
fit chapter of his Respiration (p. 14) writes: 


tag, 4 consiteation of the genes} characters, whieh 
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rag the muttake cf rot windy tbe bretling ur ue afte 
rate octets of the wit body. ie afar an the Se 

Seatgntoes setaoe i succeeding chapter ripiated woth 


118 j inteentiog to coma th ster Paemee with the aaection 
at Pred, Marshall that “There ie netting fo or grand lor Doge 











[ihioa reaweagtion anc guterpentaen of cer popetogcl 
‘vies tence resting” ree 


‘Thus although Dr. Haldane does not ase the term ' purpose 
cr " tehelogy ’ he speaks of ‘requirements of the bodly a3 
a whole‘ and of the “coordinated activities of the whole 
dolly” and be is distinguished froma mont physiologists in 
Having a concept of organism which lands’ him to expret 
‘certain featuton which are apparently thrust pou other 
Physinlogists. One more example if ftom a cytolgitt 
Professor 1, Wilbon, waiting about ceavage-form on 
1 1008 of The Call says 


+ AM chevecoumderations deve atte the view bat tb sas 
smeghinca ty ath a pra, frm ae A a 
‘inate'te more taste and coop fersteny wwntcet athe 
{Goer Sevsinment the sagan. "Tha cancenen 1 3 
Siaty auacrated Uy uoe oennen of sana aitmon. Tbe 
nant rocco ot eaten dieser, seu he aan 
inere correla with te apa gronta ct we ca 


Fectiaenwesieee  ueate 
AG quite analog te The forens of 
Seka para usetercrrnas esa 
ee cetacean setae 
ie are peers aeeate 

fier a hatar int arnet a eal 
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[Now this statement of Prof Wilson, lke the frst passage 
‘quoted from Sir Charies Sherrington, amounts to little more 


AR Lhe, Embryol of tr Umma, Jour. of Noro 
‘Vol. X, stay. ef x aaa 
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than taying that in mgard to explanation & knowledge of the 
outcome of biological process is often moce Huminati 
‘than nawledge of what weot belare. We have geen that ex 
planation usoally involves bringing what is to be explained 
Into relation with something ela, and in biology the * some- 
thing else’ Is often the outoome of the occurrence 10 be 
explained rather than other events which preceded it. Thus 
the maturation divisions of the germoetie would be quite 
"unintelligible" if we knew nothing of fertiieatien,* 

Flaving thos seen some examplcs, and heard same witnesses, 
bearing on the wie of *teleolgical“ notions in biology, we 
must next exainlne some of Ue meanings of The erm teleology 
in order (o clear away mmisundeestandings and avoid ambiguity 
in what follows, 





‘Actions ace ontinatily said to be *telologieal’ when they 
are directed to the realuation of a purpose. The term 
* purpose "should be cenfined to conscious human purpose. 
‘The purpose i tome end or comutmation that the man 
desires, whether i¢ be to sill the pangy of hunger, to attend 
‘2 meeting of a learned society for Uhe achievement of in 
(elleeloal values, or a concert for the enjoyment of athetic 
‘ows. Prof. Hebhowse states that tclenlory invalves. three 
elements: (2) a process im time with some definite result ; 

of value in the regalt ; and (3) it fnplies that 
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TELROLOGY AND CAUSATION a3 


Bat the notion of purpose has been extended in thee ways. 
tthe Srat place itis asked whether the universe, or a moun- 
‘tain, or an animal is * parposive’. Thea, by analogy with 
‘muman pusposes, it may be acked whether soch things are 
‘the purpates, or are related ta the purposes, of some super 
uman rind, Such questioas obviously do not come within 
the cmpase of natural science, and it is the mixing up of 
‘tach extensions of teleological notions as these with scientific 
jdestions, that bas very satnrally contributed to bring 
it upon the notion of teleclagy. 

‘The second direction in which the notion of purpose has 
been extended ie in regard to the processes going an in organ- 
jams, We say, tor exanople, that the purpose of the heart 
Is to Reep the blood in motion. The word ‘purpose’ te 
obviously used here in a diferent sense from that given in 
‘the beginning of this section. It is not intended to immply 
that the heart consciously desires to keep the blood in motion, 
or even that tbe animal conscionsly desires to keep its blood 
a motion. But the se of the sarne term in these two senses 
tends to perpetuate confusions and abecores che issues in- 
volved in the use of teleological notions. 

"There is yet a thitd exlension of the concept of purpose 
which helps still further to confuse the issues. “Machines 
‘re spoken of at" purposive and we also speak of the parpose 
cof part af x machine in mach the samme sense as we speak 
of the purpose of a part of an organism, Machines are pur- 
pouive in the sense that they ase means to the realization of 
‘ondcious buman purpines. Ufa man rants to go free Oxford 
10 London, varieis machines are availabe for the attainment 
‘of that end, and apart feum such human purpoves. such 
machines would not have come inl existence, and if auch 
purposes ceased to be operative such machines woukl be $0 
ouch eloay Timber, ‘machines art only purposive 
in the sense that they are devised and put together by: men 
foc ‘conscions human purposes. The machine is not a 
"purpoce " but merely an aid to the attainment of an end. 
‘ut when, on the other hand, we speak of the purpose of a 
‘pact of a machine we mean something quite different. We 
‘mean that the charactery of the part are such that without it 
the machine would not work, aod won therefore (ail to 
‘achieve the baman purpose or which it was mace. And when 
‘we speak of the parpose of « part of an organism we mean 
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‘hat ths part exlsihéts sume character which is auch Uhat sith- 
‘out it the organism would wot persis. Or, it may be that the 
character in quesllon is Alependent pod sone other patl, 
fad in much a case the presetvation of this character is called 
the purpose of the latter part. Thus certain chemical char- 
‘acters of the hood ia vertebrates depend upon the Kidueys, 
lang its ciresation through the tissues depends an the heart. 
‘The * purpose" of these organs is to mainlain these characters 
ff the Dinod, sid the * parpos* of the Blood is dependest 
‘upon the maintenance of these characters. Rat it is not 
necessary to use the term * porpese "in this connexion, since 
Wis simply an extension of one of the thtce meanings of the 
word" fonction “as explained on p. 327, the furter implication 
being wttached (o it that the persistence of te onganixn a8 & 
stole is also invelvrd. Similariy when we speak ef an act at 
" porposive’ we mean that through it the persistence of the 
‘organism or race is ensured. And such an act is spoken of a» 
_PUrporive even when no conscious purpose i suppase to bo n> 
‘volved. Consciously purpusive acts appear to Constitute one 
(ype of a moch wider kind of act. Even in human beings 
consciously. purposive acts fonin gal a small yore of a great 
‘umber of acts which have ax eqaal itl: to be called pure 
fit in he seas af having vale for tm.” The beating of 
heart, and the flex closing of an eyelid are as purposetal 
as the building of a Rowse of the putting up ot an uber 
‘And as far a4 organic parts are concerreal 8 divinetion be- 
‘ween thele“ purpine” and. their" purpeniveness "acc 
rather anificial, and dependent upon a separation uf "function 
‘and "structure. For the Beart as i Ss in the living bony 
‘ts a beating heart. there is no wparation between" leatt* 
and * beating 






































“Alter these preliminary remarks we can now retum to the 
‘opinions of thote Linlogical writers which have slteady: been 
‘Bion, Tk willbe evident trom these quotations (Int a matnber 
of different ideas are involved in “telslogy" ax that term 
is osed in conrexioa with organisms In the above pasiages 
Re fod soch tcrms as “adaplation, ° survival’, * good", 

Sparen’, “in “endeoat “eiouina 

“yequirements of the body as a whole’. 






How 
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possible to make thew expresions precise, to determine 
what exactly they mean, and to bring the aspects of the 
COrganiam to which they give expression into feation with 
others 7 


Title move seed be said shout Prof. Wibon’s 
Ie amerte no mote than tat at present we can iterfct the 
Claavege procemes better by bogianing st the end than by 
acing he Sgn ut Ca te sae ater 
of interpreting it ter the of a wound 
loa ich sat ging at the baila ot develope 
fnd oes through in priormancs tn viru of Ste Material 
tontgraton. “This of couse fe" state theology" of the 
ld fshioned sot, resting on 8 teparation of space and tin 

Starlings statement 8 pot very elptol beeme i i i 
taken gale Ieraliy it would soean that cqgaioma were 
immortal and incapable of making a mistake | Mt every 
ange in un oreaniom = 8 azcsears! consequence ofa eat 
‘ronmental change which preceded it, end every ch 
‘henge mas! befor he" gd ofthe organi (the word mt 
‘czars five times ie ths pasege) thon it i ical to ee 
sehat room there i Int fr" accor". And accidents do 
apes even to the best adapted ongasioms.” We hae to 
rermher the" atckolagcal” eccurences, a9 well as the 
“eleobgical" one. 

‘Wien Set Charis Sbersingtom says that we cannot ner 
stand » redex snl we know te parpoe, and thatthe pape 
{e's legitimate abject of natural inqusy, all tht setts fo be 
treani iz that you bave 10 consis how the perience of 
{he cegenism ig dapenent ypen. the character of s given 
refiex, And this scema to be sc an obvious and innorwoes 
propor that tis astonishing to tnd a pilngst considering 
Ie necessary t0 apologise foe it and taing atention (0 i 
Irgitimacy and ‘sissy at ‘tradition a ficult to 
‘overcome, and the word fare tings har inthe car 

phonies Tein ery largely matter of inventing 
& palatable terminology. Dt. Haldane is more explicit, and 
Ji trata ferent ba {doubt whether what be onicads 
fot timounts at bettors to. more than maintained by 
Sherrington. A. good deal depends pan wist we C10 
understand by the expresiion “determined in accordance 
‘wth the requirements of tbe body 88 whole”. De Haldane 
"Sea at Section. a. bw 
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says that isnot solicit to study Ue pats of en orgkniom 
Separately, nor evento put them togetber fo see how each 
te depends upeo ethers’ Each pars related in see way 
fo all the other parts in such a way thet The persalnce of 
the whole i depeodent upon this ration Te fs tle fate 
‘which abment in the tune A machine Se made to Feliae 
Tomme conscious bemnan porpost is parte week together 
te secure fet purge, tot to secre vin own pense, 
‘An onpanion i'n tens of perience, end ty mode of per 
Stance i differnt from the inorganic made maileted fo 8 
‘machine. Machine are subordinate Wo organic peristene | 
‘ey are tse by bua cepuums fr the prone of SeCring 
{het own mode of pesstence er the perutence of meting 
{hat raay be valuable to theme 'A rchine may im fact be 
regarded ab 8 part of an ogaaiam of x poebar kind, inked 
tothe rest by paycholgial a wel x8 blogic! ties Thi it 
sometimes expres by saying thet ia te cae of machines 
tre bave to do with "extemal teaogy "and in organise 
sth "internal telelogy Dr. Haidane’s contention, thea, 
Jeers to be that the pzylogist coqaice to. sty. that 
‘elation of given part fo the whole of the other parts fn 
Wiring of which the Sagaritn pert Bot, a9 we sae wie 
‘Sacuning ogaoizatica, the relations of para in 39 organism 
fare internal relations, and this dacs wot appear to be the case 
swith machen. Conscquotly, this is other reason, and 
very important seam. wy itis wot vuficent, a Dr, 
Haldane points ot, to study ocgtninmsatce by piece ab 
the puts of a machine can be stutied. Ant it may ove 
toe the case that inthe existence of much internal elation 
‘Which responsible or the peoharte of nternal coo 

‘Some of the authors qucted above ‘tard the term 
“apeation ‘or “adapted "Thi term cannot be defined 
swithowt reerence to entities of which be terme living” 
thd dead" can be sgribcantly predicated Te physics 
nd eheristry we are not soualyconcroed with the peice 
of one thing, and consequently the prion of "adaptation * 
oes not are. Thi ter “hke" herecity si one of thowe 
Abstract ubetantives which are ao tabla to ead us astray. 
In wil be advise to otic to adjectives ‘Things are sid 
to be adapted 10 con another Onganinmo are adapted to 
thet covironments. And all that this means i that their 
characetation ix wach that im thoveeavitonnesis they re 
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the ve Ba tt pil to be more anil tha 
Tis pombe to aay the organi ies pats nd 
show that thee are adapted to conespoediog envitcnmental 
parts to gars into wach the vionmest a anivsable 
‘We can expt all hee fates of te cpus othe ew 
ing way. in x0 orpaniom x given purtcvest i siprifcont 
of sxmcinng other than tl “Toe charactecualin of 8 

iver part depends open that of others, and ether pate 
Scpred in he tame way opon ies AL tis esbeased OY 
the concept of orguictine, But oot only ire toe Bay 
tmutwally dependent upon ove another. but each is ested 
{othe ehderance of tke wiv in the flowing way. The 
trios organs is Compler of npeised crests ai tHe 
Complex of events conatiating ie envzonment, and Me 
tesranc isthe outcome oft mate retain ofits parts 
to.one another and to tse enirneatal events 

‘Now in natare the nvwenmental events ere divible 
sccordig 0 their characterization into the portnt [er 
wonive, toga, or seeurent, en the ane hand. andthe S- 
Fas caning ot ae When we ay 
tryanle pesvevent fs adapted to some euvconmental vent 
rumly = 








‘ean that it has some enduring character in 63 
‘elation ta some enduring character of the eovironment, and 
that im conscqoence of this the orgacism as a whole endures, 
Tus we find organic partevente exhibiting unchangi 
(ot thythimical characters in correlation with regularities in 
the caviroument. “Breathing, for vsample, fs sythmical 
n cortolation 10 the constant character of the respiratory 
fucdium, and. im grasing ungulates, mot co menting plants 
thenselves, the intake of feod almost takes on a similar 
character, “The characters of bones and all the more 
* stagoant* parts of the organization exhibit obvious correla- 
tion with enduring features of tbe environment. Similarly, 
shythmical cegelarities in the environment, euch as seasonal 
changes, have their cortelates in shedding and growth of 
Iaair, etc. The same is true of reflexes, ‘instincts, habits, 
‘and indeed " mechanisms "ofall kinds. These all presuppost 
‘enduring environmental features of which they are rections 
in the organiem. They can ail be studied in terms of causal 
laws, And they are all instances of * adeptedness* 

But what ae we to say of the contingent and imegslar 
envisonmenta) ccrurrencs? Here we obviowsly require 
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veriabity of character in the organic partevents, 1f those 
‘parts are to be In an organic relatiog to the envitoninental 
vents and to the whole, Le. a relation soch that the endurance 
of the whale is thereby secured. It we are to speak of 
“adaptation " here It ebviously camect be a ‘state’. There 
‘envirvamental contingencies are of very different kinds, 
‘Some may be withoet significance for the organism. Some— 
like voleanic eruptions and storme—may overwhelm It, 
‘But to vome it is able to make ' biological reponsen'. And 

theue may be contiagenctes which neither the organi 
for its race bas previously encountered. There is, however 
‘one Kind of envirunmental contingency in relation to which 
wwe can discover a" mechanisms". The envirmment locludes 
‘other organisa, and the mote of occurrence of such organisms 
may be contingent. Of special importance are food organises 
‘and mates. Accordingly we find a wide spread method among 
animals and plants for overcoming the contingency’ of the 
vccurence of such emvizonmental organians, namely, hear 
motion. And this “device” is empbyed" (6 use 
* telenlogical” language? in two principal ways: cither we 
find locomotion of parts produced in large numbers (eg. 
Spermatezoa and pollen) of locomotion of the whale, coupled, 
with the elaboration of part-events which are select in their 
relation to eaviraomental events, eg. reecptors. Thus the 
receptorefiector system, which is analysable into seflexes 
interpretable at relcctions” of enduring environmental 
{oe intra-organic) characters is a“ device” for“ dealing with” 
certain (ypes of environmental contingency, and the whole 
cesience of which is variability of response. Bul as soon as you 
‘introduce variability within the onganism in this way you pact 
{he placid regularity of those part-events which aze' adaptod * 
to the enduring eavitoamental features. Accordingly the 
respitatory. excretory, and circulatory part-events which are 
thytlamical or continsous, have also to be variable, and so are 
‘Deought indirectly into’ relation with the envitonrmeatal 
contingencies. But although variability x this brought 
{inside the organiam the relations between these part-events 
48 not contingent and thele vasiabiily is under tbo * contral 
of a mechanism The eaatingeney is without, and the pri 
‘tary variability of response lies between the organism an & 
‘hole and the environmental contingencies, Thus we 
fave to distinguish between adeptedness ax something 
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scoomplished and * provided for " by a mechanism of some 
Kind ; and. the procest of perpetual change in respanse to en- 
‘vironmental contingencies, which eannot pousily be regarded. 
fas a ‘state’. Its the later feature of the organisa new 
ark of 'thinghood "as it was called in Chapter 11L-—which 
eon ak waarmee a ou ee Se eg, 
‘Any change in an organiam following an environmental 
‘change either subserves the persistence of the ofganiam of 
It does not It the former J the case we can tall it 
" appropriate” response. Now with our present ways of 
thinking thete appear to be two ways of regarding sock an 
‘occurrence. We can either ask: Did this happen ‘appro 
Driately' in onder that the persistence of the organism should 
cenmue? Or, we ean ask : Did this jost happen io this way. 
tnd it “happened” to be appropriate 7 The difference is 
‘cxpressed in the ordinary use of the terms ' deuberate* and 
“acsidental’, Hf we say that the " appropriate" sesponse 
‘occurred order that the organism might persist, we ar Bi 
8 teleological answer in the strict sense of the term. This 
fs what sitaism does. Bat \f we say that the change just 
‘nappened and was accidentally appropriate, this i equivalent 
towaying that mo answer can be given, And it may be that 
‘this fs all that it will ever be pousble (0 soy. ft may be 
‘That the question is meaniegies, because human thought 
{perhaps} cannot! deal with particular occurrences. This 
will be more evident after the next section. Meanwhile 
is imporlant not to contuse such a case with w case of 
daptedness', Wherever there is a zeBex oF a habit, oF 
any other sort of racchanisa which is repeated we can in 
vestigate the state of afairs with a view to an explanation 
in causal terms, No diffcalty is proseated seganding the 
pviateness* of such costs onless we ask about their 
origin, All we can do if this question is raised is to say that 
such & thing happened once as an ' accident * and becat 
it was appropsiate it survived. But this, of course, roust 
rot be confused with a ° causal ex sometimes 
done. All bilogical explanations of the ‘ wound up clock 
‘ype are confronted with the difficulty of bow the winding up 
‘took place ia the Bist instance. And then we have to suppose 
either that the clock has been wound up forall eternity, of 
has certain races acquized (by accident) the property’ of 
Prodacing such clocks Thus bere, as in the former case, 
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we seem to be driven inlo an extraacientife region here 
tre car only erect unteetable hyporhess. All sach appeals to 
the past (ale they have cegard oely to historical mattrrs 
oC tar whic at evidence Tay be btm) ieee 
cates 

‘The problems which ciater roond the *teleolagicat” aspect 
‘of onganiama sees 1 require that it ahould be conceived & 
Kind’ of growing poist in the course of temporal pasage. 
‘This growing polnt caties with i from the past wmchanging 
Jearwres which subserve endarance of the orgunian becrave 
they are in oocrelation with persistent environmental features, 
‘The visible and tangible aspects of these "stagnant" part: 
events make up what we call ‘stracture . Bot. temperal 
iferentstion & essential to organic endurance, it ia an 
“intrinsic” character Moreover, an onganism persists by 
* responding’, ence there mast be perpetial change in 
elation to relevant eqviranmental contingencies. Hence 
parteveats require to be “foid" 25 well ar ‘stagnant 
Tar new temporal parts which are added on to the duration 
of the orginiim with each pal of time. are, 50 10 speak, 
‘ices of perpetually changing sdaptedness. They have to 
conform to what has already been realized on the side f the 
‘orgasiam Gincloding what ix cal it "previous experience’) 
And also to the contingently characterized environmental 
vents now being realized. One would suppose Uat 3 was 
haere at this growing point that we shoukd have to look for 
‘he origin of adaptedoess, but the iticulies with one present 
sways of thinking ae obvious an enormous. Haman thoaght, 
ike some of the adaptedneases thecmelves, deals with the 
niversal and rogula, rather than with the particular and con: 
Aingest. The above paragraph is a relapse into mysticism? 
Whether compiete silence would not be preferable, o whether 
there is soar other alternative sews doubt. 

‘To sum op : the dificulty of avoiding ‘teleological * mada 
cof expremion in biclogy rests parly upon the fact that in 
sn organiarn the parts constituting it are 40 related to oot 
‘another tod 10 ravicoumental events that typically the 
‘ngaciam endures. Az orpanian in therefore capable of 
blogic! respaases 1 wells inorganic reactions. Evolution 
along. progremive lines requizes 2 gradus! elaboration of bio- 
logical responses lanting io greater and greater independend# 

Be ota 00 B28. 
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‘of environmental contingencies. [2 sa fer as mechanism 
Soc such cesponses has already been elaborated they ate 
smmceptibie of a canal analysis But from such a point 
of view neither particular appropriate acts of response whch 
do not belong to 2 roating im relation to an envizonmental 
routine, nor the fret aparance of those embodied now in a 
routine, can be treated at al, They are accidents 
‘wo types of theoretical bislogy have 30 far been dk 
both involving ting the analogy of a humanly constructed 
‘machine : (1) vitalism {with a mechani), and (2) the’ machine 
‘theory ’ (without a mechanic). This provides no independent 
iolegical way of thinking, because machines presuppose 
organisms. The vitaist pats himself into the machine he 
hhas aide, The other type of theorist forgets be bas made it 
‘You obviously cannot escape from telelogy in this way, be- 
cause machines are tclelogical instruments made by Zen. 
‘Any explanation of teleology by analogy with machices simply 
attempts to explain internal telolegy by means of external 
teleology and hence std remains teleology. The machine 
theory without a mechanic diuetrates the way in which 
bislogy has tarned either to one or the utber ef the twe modes 
of thinking resulting from the Cartesian dualism ft only 
‘seem ' materialistic” becanse the psychological origin of the 
machine is easily forgotton and omitted from the analogy. 
‘Any one who wishes to spare himself further thought on this 
Uwoublesome question can do so by adopting either of the 
current alteruatives, bat be will not thereby aveid  eleology " 








We tura now to causation. And here I bave little to add 
o what his already been said in Chapter TUL At che present 
day the whole subject of causation is in a chaotic state 
Mea of science, 00 the ace band, who use the notion, appews 
to be too basy amassing lacts to trouble themselves much 
about what they mean by it, and philosopbers, on the otber 
hhund, seem, or the most pact. rom the tite of Haze onward, 
to entertals belies on this subjoct which are very dificult 
to harmonize with the uae of the notion in Biologia! scence, 
Consequently the folowing review of the situation seems 
Ihardly an exaggeration: 
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+ tte wed hatry of crate ab 8 iy Uae 
xarealy ecy mbar a cece ter sonar ta caeusige. "There 
‘Serrettrences to ia the wrsioge on prdecomore bet ume 
win be Bt wet of nore ene elegy ade got 





Tints ange bch har bce sie and sar etnies Sy 
Sipe ret tn me by eng opie ha ae 
SE ethng o came ee 

“This bring the tate of afisirs i is somewhat unpoofitable and 

Premature lo dscise an anihess belween "(ecology ” and 

Figusation when both notions are stil a lacking in Clarity, 

and ei use ot yet freed tram Ohe fag of ignorance, dog: 

rratism, of unacknowledged assuzptions. A proper stody 

Of this anthesis reqites far mare attention then U dave been 

Able fo veto it, and ll [ean profess to de here i to call the 

Attention of the Bologial reve to some of the aivene 

issues involesé, and to tage the desizabiity of devoting more 

deliberate thought to it in its telatoa to biological problems, 

Whereas teleology (s regatded at a thoroughly wnsient 

nohon, causttion is commord ndieved among. biog 

tebe extelyrpecae rom “he scent manent 

Blatt in general do not scm tobe aorave of the dicey 

hich cluster round the Latter wotion, and isnot thereono 

urpriding (0 fod tt Deing word aacritiealy and Kading (0 
inenadie positions. Of this we saw an instance in the Tat 
chapter. And yet in spite ofall the critics that have been 
levelled againat these notions itis difficult to ace How we can 
ft on in biology witbout esng bo of ther fa some sense 

‘The difficulty. a8 1 have said is to make them precie. and to 

{ree them frozs“ subjective" and" anthropomorphic” elements, 

"A great many difcent Dut celated problems ad ideas are 
involved io the we of the notion of causation. We start 

‘withthe bread fat of change. Changes apt tobe contrasted 

With “permanence” or “ persistence’, bat in 


cluange is exentia to its persistence, and In Chapter 111 it 
‘wat enged that causal regalarites are themselves permanences 
in nature "ja the sense these explained. Many poople appear 
to suppose that “ persisting uochenged’ does not require 
3, Merier, Ox Contin, Landon, 1986, 9.1. Toit bu i inter 
ese aster phlewphied! riven om 


Tigges prcte Sguie 
‘Shamtion fomtovsomviar rotated wanepaat eteiagad sons 
‘tue Thea tov cores to ny Chat Fess nan Chet rier 3 
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to be explained, and that ‘causes‘ explain changes. Bat 
this weems to be a mistake resting on an egitimate tse of 
"explaining". We cannot explain persistence of change 
8 uch. When we speak of explaining a given change we 
fly enn rerio typ of otal nga Wile 
known ta have characterized. previous durations conta 
cements of the same type as those fs question inthe particu: 
larcase, ‘Thos, as Dr. Broad says 


Dao, fae down in the wnt it ntentaty move 


Th for tet pel tas wo dee 
Zip sa bypoticer expiin he 








‘ther fate wld we ow stout fr werkd thaw the attr Soot 


Coupled with this Velie that caases have to be invoked to 
cexplnin change is the belie! that" causes” force oF compel 
changes tohappen. But thisscems to be based only on certain 
types of causal processes, particular those of the pushing 
and pulling (ype involving ktoman bebaviour. It ie therefore 
‘sully considered that the idea of the cause compelling the 
cficet is an importation into causal sequences of icelings 
ecampanying sich human scons 
‘A eat deal of the disgmte aboat caasation in the past 
has centred round the se of the notions of “cause” and 
‘effect’. The upshot of thesc discussions seems to be that 
iC impomible (9 make these sotions precise, and that, how- 
fever wselul they may be in daily Ife at even in scientific 
Tnyestigaion, they are useless for teoeetical purposes. AS 
was explained in Coxptcr (U1 these ters anly give expression, 
10 certhin outstanding featurer of what is a contiguous pro- 
ess (at far as we can observe), and in which many elements 
fe aaa iva.” [fw abana thee rms me dy 
‘our problem to the extent of avoiding 5 
{otalategces ab we Sod. fee example in Sfe dscusion 
‘of cumatioa, ad we abo avoid the dangers which attach 
{a a too naive view which demands to know ‘the cause’ 
‘of evolution, oc developmest, or cancer", ete. 
Another netion ievelved in Aiseusions of causation is 
“determinism '. On this 1 will merely quote a passage from 
1 recent critical physical writer: 
"Ry determina we woaertaml the beet thatthe fatet ot 
pe whole Uaivene, or of a sed perf fc determines 
Mirae ots comparte Gacnelen of ts prcet Candis ==» Bt 
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pnt mgt tt ype i oe it 
ferences ce pez ia eet 
Seine Serie 

SE isco eee ne oes 
Soe er oo come meneenann, r 
Roo Thee 
ii a's Soe soe 
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“The reader may be lft to his own meditations on the implica 
Sous of this passage for biology 

‘We have next ta consider the cama postulate, causal laws 
and the causal neat. The caeaal postulate dicts Wt, a8 
wwe tate seen, where we find diGerencrs, to Sook also for 
‘ther comelated.ciflerences. Vts wie presupposes causal 
regularities, Le, pervasive or recurrent types of change. Cor 
scqocnily changes which do net belong toa twpe (# such there 
‘bo could not be dealt with the aaa! postlate. Te biley 
the demands of the eaural postulate are Frequent not fle 
fied, i we adhere to what fc pervived, And itt this ature 
hich leads 10 the ‘postulation of finperepeibe changes 
‘his is well Waszated by reference to" maemie Phenoment 
11 an orpaniar Behaves diflerenty on ferent occasions 
to the same simalus, itis necsary, citer 10 take the or 
anise’ previous history into seaount. or to regen its Bistory 
23s "represented in i, Le. past changes have to be fogarded 
4 persntng "stored up ia it.The former ia the alrrmaive 
[ropowed by Me, Bertrand Ruel” in his theory of‘ mrenic 
Gnusation "which is recommended on the ground that it 
toes no involve appea! to ipereptibes the Tote sere 
fives the one whichis alwaya taken fr granted by Bllogsts 
Thus Dendy. relerig to tbe” phenomens of memory mye 
that theve ace" reasonably expiniand* 





SP. W, Baidgmao, The Lope of Madern Phys 10. 
‘See bis Anat of Med, Loodan, ta, Lactace 1. 9p. 77-98 
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‘atu scaoe, wen, ase sprog mation, hey git 
Siitwea. eared 
In general our ordinary zotions of causation do not meet 
with any dificulty in dealing with organic changes of the de- 
for kataboiic type” Tt is with change of the con- 
» progresive, developmental or adaptive type that 
the diffealty i felt. And the commonest method of dealing 
with such cases is (o appeal to explanations of the ‘ wound 
1p dock "type. i which what isto happen is aleady accom 
plished, and is only waitiog to be * released". The dificulty 
‘which i felt in cegard to sch casesis perhaps partly dependent 
‘upon the fact 








The two chief points about the ue of the causa) postulate, 
then, are frst that ft presopposes recurrent types of change 
and secondly that it ark os €o deny “ypontanety "ot that 
dimerences can arse without previous coreated iflerences, 
‘or that anvthiog happens that does not belong toa type 

Causal lev sepremat the embodizocot in eaoededg of the 
recurring types of change icovered oder the guidance of 
the enuaal postulate. Ut hte connesion wh theae and thelr 
tae In inductive faterace that meat of the ctcans of cas 
tion have arisen." And the (wo. ehiel poisie which have 
Deon did ar he neat ad he avery oem 

vrs. It is pot neceary 10 repeat the coal arguments 
here. They wil be fourd in Vera's, book? and“. tte 
recent and more deste crtcian fe that of Mr, Bertrand 
Ruse in ie chapter on the notin of cause in is Msc 
aut Logie. ‘The igehot of st all that the ofl “Law of 
Cation ° as itis found in MO and Bain, and which certaisly 
fs not justiSed by experience, i given sp, and something 
rmore modest, called by Ir. Ruse the” principle ofthe pa 
‘amence of laws,” i accepted on inductive rounds Oo 
Pr 196 0C the above book Mi Russell ays 
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“The ronad of this priscipin be serry the nductive round 
gat Wha erat bs thee Se ey any mata hance 
teil aes Uy concrete Du my reble 
‘glee witch caamct ba acsrsaly ina 


‘And on the same page be adds: 











‘Now oa Mr. Runells view a dificuhy arise regarding how 
‘wee to recognize 4 causal Jaw. when we have Got one, 
lind how it dsiogsishrd from a mere "observed sequence, 
fae al Has eny ogularity of sequence a claim to re te 
Eran Oris theve some mark by which we can 
itingish se later fra" mere 
Spee tase pict med pele dx a 
sv helt.” AIT oat hey have to ay aera to by ol an 
femtircly igative character. Me. Rusell does not deny the 
Tite of “cause and efiet "to the case of night asd day, ahd 
he also tel ts that of innumerable hootses which sound at 
Atelve o'clock aad are fellowed by the departure ol workmen 
fom a factory fr dinwe. cue hootee hes a zach ih” 
ta be called "the cause’ of the departore of the workmen 
1s any other! Dr. Broad interpret this to mean Oral 
hooter in Manchester which sostis at twelve Oehock ne at 
mach" igh" tobe called te cause of the workmen in London 
leaving the factory as any other hooter. Dr. Broad hszsell 
oes not ralish this rvalt. He saya: 
1 ay pers viw a that | do cot mann by cranny bled 
fhe ey sawerty sgn ote presence he ena eas 
‘Bue the taal reve b toe mae” 


[Broad als adds that 
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Bul how is this any way of out the dif culty? Surely there 
8 as much spatiotemporal continuity between London and 
Manchester a= between ene part of London and another 
Moreover, we regard certais terestrial occurrences as being 
‘cansally related to siderial occurrences, and there does not 
‘appear to be raueh to chocse between the earth snd the au, 
‘om the one hand, a4 Manchester and London, on the other, 
in the matter of spatio-temporal contionity.” The “mistog 
factor” cannot be only spatio-temporal continuity. It 
‘ems ta.me more prodsble that its spatio-temporal continuity 
‘phas confinuidy of change of characer. The average man of 
science (if be has mot tren ‘debauched wich learning ' by 
reading Mach oc Pearson) would, I think, reject all the hooters 
cextept these betwen which and a given workman it was 
posaible {at least thcureticalls) te trace sot merely spatio- 
temporal continuity. Dut abo continuity of change which 
travelled {rom the former to the later. Tf the two changes 
are to be considered as causally related the epatio-temporal 
{interval must (he would feel) also be occupied by changer 
‘which are causally related. For the samme reason the average 
Vinlogist would reject Me. Russell's “mnemic causation ', 

Tavolves a kind of ' action distans in time, The only 
AeientiSe writer with whose works [ am acquainted who has 
‘questioned this principle of continuity is Profewsar P.W. Beidg- 
‘man who, in his Logie of Modern Physics appears to have the 
consage (if 1 have not quite misanderstood Biz) 0 chal- 
lenge the univers belie that light 6 "a thing that craves 
‘This is characteristic of the revolutionary tines in which 
‘we live, and mules one feel that binlogical thought is still 
in the Middle Ages. 

[Now the central theme of philosophical critics of cauea- 
tion is that a “causal nexus is not observed, but that all 
that can pomibly be observed ic regularity of sequence. Mr. 
‘Witigentiein says that belicf in the exoeal nexus is super 
sition." Bue thers is one point whick may bave some bearing 
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fax the apparentiy ridiculons positions to which this view 
seems to lead. This view is usualy based upon thearieg of 
perception of the phenomenalistic type, in which attention 
1 paid to sansa to the neglect of everything else, If these 
theories af peroeption are i ‘then jast thse respects 
in which they are inadequate may be important for the ander- 
‘Standing of our belief im the camsal nexus. It i 

admitted that the scentiie Cscoverer is guided 










nothing is known. Jn other words, here iva incalculable 
‘Sement "in scene research, [ost aa there tm ar 
ompoawion of all kinds It is this which "mikes the 
Aiterence " betwern the genius and the ordinary mortal, and 
Je is this whieh makes tigen to tay down rake for 
condoctiog seientitc investigation. at if thin is admicted 
wwe must alo admit that oor theories of perception afe Ine 
complete. They vomit something, important.” They take 
‘account only of the more obi fetes of copstive pro: 
eos, omitting the subtie av rare ome. An inthe prea 
Sate of Lnawiedge it would be surpining this weve tats. 
‘Accordingly nach theories of perception can hacelly provide 
aaa Yor dogmatic denials” Thus the dispute rogarding 
the caural relation appears to he of the sare type as that 
regarding. the ‘external world” and our appreheesion of 
‘oth seems (0 be en mach the same fonting* The cieatiie 
favestigatoe is guided by the bebe that natiral entities ae 
fo related (o one another that what happens in one is d= 
Pendent upon what happens im another. They are dependent 
Spon one another in repect to types of change of chararter, 
and two or more things which are thes dependent with respect 
to one type of change may be independent with respect to a 
diferent type, or with respect to diferent cortelated char- 
acter. 12 living organiome the part-events are so related 
that this“ semativenes” with regard C0 change of character 
ecomnes expecially acute 

‘But the scentiie worker is apt to sharpen his Gemnands 
too roucs, ead anconscously tarns is cousal postulate ino 
fan abeolate metaphysical principle. Ad i isin this form 
at our notions of cansatlon appear to cant with certain 

2 Prt. Whicchad Das dct “ol cacy in Bh 
cambitign Sook p38 oe ial cara 
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ological facts and doctrines. If we conceive the world as 

‘governed by unchanging nes" itis difiealt (0 eee how 
volation ia pomible. Fer, as we sew in the last chapter, 
‘evel appears to require change tn the "regusrities of 
shange' of atleast the coming into being of now types 
fof chnage. And thee, on ther Sat appearance, will be 
‘teique, Bet if evolution bas consisted in a socceision of 
‘nique changes then it is cleatly meaningless to speak of a 
law of evoltion "ce of 2" caune of evolation” becaute, 
as we have sen, cauzal laws and the cassal postolate do not 
eat with utique changes. 

‘Naw this may asa apply to’ variability of response. Tis 
evident that we ean only study what {ave eal" biological 
Teaponses'" in causal tema whan there ie a mechandum* 
tdheady establiahed “(or them. Their rat origin obviously 
‘eannot be so studied. Dresch ilustrates the diffeslty of 
‘Sealing with variability of respoase by his imaginary cxample 
thee the cond to gtx Wome () ct its 
Sangli) on cate ean nolng ang 
{© pening carriage ; () after tury to part of one ceeb 

Ivemiphere; and (4) ater amputation of one leg, Driesch 
ay: 








sae ce ea 
mn apices 
(etl oot tay Brit ante 
Celscy determine na oc eer 








‘But isnot this an illegitimate nse of the notion of* detent 
‘tom from the scientife standpoint ? We cannot invest 
particulat cance causally at all ta deir particulerity. AM) we 
‘an do is to perform such experirsents on a aumber of dogs 
and compare them. No hypothesis we might make in regard, 
tera particular case could pessibly be verifed._ It is the story 
‘of the bishop and the orange peel over again, There is nothing 
to peevent ut ftom ascribing the fall to direct dabolic of 
‘other agency but nothing is thereby accomplished. And in 
sounexion with the application of general pliysical laws 0 
‘particalacbialogical changes it will be useful to eal attention 
to the following rexark of Dr. Broad : 


* Sconce aad Plidopy of the Organi, (208, p22. 
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sufficient analysis of these notions themselves ; (2) too great 
‘haste in Urying to bring them into eelation : and (3) aseeming 
them to be mutually exclusive. But the only real danger 
to be feared lies in being too casily satiséed with the belief 
that the last word has been said en this topic 


Appendis fo Ch. X: Sunemary on Explanation in Bislogy 


Now that we are approaching the end of oar task it will be 
useful to summarize what has beca said about explanation 
from the stauvlpoint of the reqalrements of biology. And 
fr, ving eed tcrlogy« Usk, we on in povton 
to add something more to what was ssid in Chapter VI about 
the marie mits the various Rnd ef mechanical ee 
planation. There it was noted that the recognition of the 
nature of bialugieal organization leads 1s to the conclusion 
that of these only the" machine theory" (ax there defined) 
‘sat all adequate to deal with the organism a8 a whole, becmsse 
1 was the only forms of this type of explanation which does 
ot abstract from this organization. In the light of what 
‘has since ben said we can now make 2 fuller comparison 
between the organism and a machine, Organisms dif 
{cam raachines in the fllowing respects 
(0) They are such that their parts aze differont in their 
properties when they are separated from the whole 
frum what they ate 1 the whole, Hence, ‘being part 
cof a living whole" ie an internal organizing relation, 
(2) The mutoal relations of the parts in the whole and 
‘of the latter %0 the environment are soch that in 
the typical environment sn which an organic usually 
fceure in nature it continues to pereist "in spite of" 
change in the environment "by roeane of” change in 
Heal 
() Organioms are not Anon to be dependent for their 
‘existence on any human mind, or ox any other mind. 
Hence an organisen Goes not bear 2 relation (in nature) 
to human needs, wants, or parposes, in quite the sarat 
way a [s the case with machines, Le, they are Dot 
"rade for such purposes by maa. 
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(0) A given ocgunism is the outeome of an evolutionary 
[Peoorm inthe biological sense. Ginlerpretations of 
‘Evahation by analogy with the kovalled evolution of 
machines involve, in spite of their popularity, putting 
dhe cart before the bors). 

(6) Orgone ar ‘gencicaly ehted 12 one azother 
On the other band, organiums resratie machines in being 
organized above the chemical level and, as abeady pointed 

‘Out, I i for this featam that machines oer an analogy with 

frganisms, But this is aso the case with many other things 

‘The salar tystem, crystals, atoms, works of at and all manner 

cof artifacts. Tt is because al (ieee entities are single indie 

‘vidual organieed things that they have all Gom time to time 

Tbeen appealed to. a2 offering an analogy with organisms, 

Thus there are three fondamental kinds af * wholes' or 

“organised single things": 

(0 tomate Prem, 





an, sae, 
nes melvin 








1) aig Lived ponte 
G3) Rei” ARR eset organic com 
eFRnchcen olan Kindo ata 


. Werna et art Saal sattutnas, 
‘The mode of organization in these diflercet entities varies 
very greally, and st seems (o be true to aay that thee under 
2) are existeatially dependent upon those under (1). and 
‘those under (3) similarly depend upon thse under (2). Thuit 
mechanical explanation in the ° physico-chemical” sense (ax 
‘defined in Ch. VT) means interpreting {2) im terra of (1), nd 
therefore involves passing fram a lower to a higher type of 
‘organisation, whereas mechanical exjlanation i the sense 
of the machine thoury involves passing from a higher te a 
lower type of organization. A thind alternative woud be to 
study the organization of type {2} as a mode of oxganlzation 
40 generis, expressed in terms appropriate to it. Te this way 
it would be posible to compare the laws appropriate (o this 
ype with thaw of the other types. Ths to aur list of six 
reasons for believing thal an axclusig attention to what 
eh Th Flt Stem oe May baled“ pai ‘at wale, 
Sri, Sap petite ony “enti stereo Picken 
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SUMMARY ON EXPLANATION asa 


ae called mechanza explanations in Vilogy isnot deiabl, 
fearing in tind that vital ie ct tie Oly terative™ 
we can adda seventh, which may be dari aa depending 
on the lat that ivng organism exhib (in some mearure at 
itt tesagy = ts te ave ead 

‘ie sow have to tums to the task of making a geoeal 
‘summary of the more important points regarding explanation 
which have emerged in the foregoing discussions, It isevident 
‘that the term is used in very different senses. In the frst 
place we have noted the coruonmsae otage it whic 3: 
Dliniog something simply meant bringing into relation 
‘wih the tania In te Introgaction it was pointed oat 
Tow inedoquate this account of the matter wi frm the 

undgoin. What we now have to dei to Gecover 

What is cena ta sictioc explanation, abd te candy 
{Be hinds of explacation employed in the bicep! sciences. 
Timst cones tat Ido nor cnorrstand what is rant wir 
people say that science dove not realy explain” anything. 
Eesrone faze mcapabic of understanding the abil CBerence 
between explaining’ and “realy ining’. and the 
people who appear to make soch 3 distinction never pause 
{orate what they taemechves mean by it. am cxmtent 
wth ying to discover what is meant by “explaining 
Riso it to not quite clear what is intended by saying that 
‘xplaning to. sence te only dexcription. The celebrated 
{jing of Kitch oft quoted in te connection. Acrorde 
Ing to this the aim of science is to describe the occurrences: 
Of oatarecompletcly and in the simplest aso, But ten 
Sterally thie would te impouiti and quite exes In the 
diary sense ofthe terms it would be tps to describe 
toying comply due «ection, even i wee 
pomibles woul be ecivly without acientic value. And to 
Ena set of ferential equations which represest out 
abstract [eatures of some physical process 
‘dvi to dept toa the erdinary tse of thet ter 

twas pointed oot above that in all ces of explanation 
vee proce by a comixnation of analysis and relating. We 
Fight eefore base cur clasication of explanation ithe 
Sem place on the epitenclogial tatu of the ra involved 

11 oui atten be descent to evel the te tee 
doer ate ssc ae 
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and then we could further divide them actotding to the 
Intrinsic peopertes ofthe relata and according t the rations 
involved. Tn this way we should have two primacy Kinds of 
explanation which we can call (x) Perceptual, in which the 
flaca are peresived entides: and (2) Conceptual, in which 
fhe relata are not percived entites. Now in biology n the 


Delong to the Set type te the form of socalled empirical awa, 
‘And itis worth while mestioning in passing that itis a cistake 
to despise empirical laws of this kind, and to regard them at 
socoething inferior as compared with the so-called ¢xact laws 
‘ot physice which involve bypothetical imperceptiblen, It 1b 








[Now under the second head of “conceptaal ' explanatiant 
‘wl come these ideal mathematical laws of physics when they 
involve imperceptibles, and it is important to remember, a8 
‘was pointed out in the Introduction, that the use of uth 
Imperceptibles bas been double sided. | On the one hand there 
‘has been the representativa of such imperceptibles in the 
‘imagination on the model of biliard-bal, ete, and on the 
other hand there bas been the peocess of calculation which 
ls really independent of tbe imagined particles, and sill ar- 
‘vives whatever changes take place in current views regarding 
the later. Tx moderm physics the latter tend to drvp ost, 
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24. in the latest developments of atomic theory. Accord 
ingly conceptual explanations are divisible into two finds 
(G) those accompanied by caleaation; and (2) Wom nat 
accompanied by calculation. Ia the Smet cast we bave 
generalization and predictability, and a high degree of wb- 
‘iraction. Tn the second case we have an explanation in the 
dense that of the imagined partickes existed, and if they had 
the properties which are ausigned to thes, we could understand, 
hhow the observed result is reached. But if nothing move is 
dune than to" account for” what i observed by a purely 
hypothetical construction invented ad Ac for the parpowe, 
then we have no genuine explanation at all but a purely 
Circular procedure.” This hae very commonly occurred In 
Diclogy 30 the past. Instances are famished by Darwin's 
theory of pangenesis and Weismann’s doctrine of the arehi- 
(ectare of the "germplasm Mock explanations of this 
kind often have the merit of stimulating zesearch, bat they 
ako have the anfortunate duadvantage of creating the 
Impression that something is understood when itis not, and 
‘they are consequently apt to have a blinding infloence. 

Te ie by a comparison of hese mock explanations with 
successful ones that we are able to understand what exactly 
{ts which constitutes the essence of a acientiSc explanation. 
‘That exence is the eystematization of knowledge. TCs because 
the unmuccesefu) explanations do not Iead to generalizations 
‘and thus to systematization beyond the Seld for which they 
were devised af hor, that they do not constitute explanations. 
Consider, for example, the work of Koch and Pasteur in 
relation to the aystematization of medical knowledge, Before 
their tise bacteria were known, and there was a0 enormous 
amount of medical knowledge of 3 sort, The ment of the 
work of Koch and Pasteur did not lie in the fact that it as- 
signed ' the cause "to a particular disease, but in the fact 
that the systematic correlation between a particalar specific 
parasite and a specific complex of symptoms was of such a 
type that it could be generalined over the vast majonty of 
diseases, only 4 very few at the present day being exceptions 
foit. Moreover, the work of Pasteur also provided the key 
10 the then lite known sphere of ieucity phenomena, In 
this example the relative riles of pew facts and new coocepts 
are very complealy interwoven, but tbe essential point is hat 
| now system of knowndge was thereby created. 
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$0 far inthis book we have mare often been concerned with 
the relations of biology to the physical sciences, to which 
Diokats ave boked for akc in” dealing. with’ Binagieal 
problema, rather than with the relations of this science to 
Prychelogy. But we have ako nated tendency on the part 
Sirrome Blogs to lok ako to peycheogy for aid,” Bios 
logical waiters diff greatly im their attitude towards pay 
thilogy. Some, ab we bave seen, are So reducing” Dekigy 
to pbjnis, and among these some draw sharp Hise hen it 
‘ornes to peychology and are ie favour of leaving prschology 
forlte own devices Others, on tbe other hand, appear © 
‘alleve that poycholgy “rcdoces’ to plysilogy, aad that 
nthe long ran means: premomably, 10 pice, Thote who 
(ake thi new are prepared fo tll pychogiat hci Businees, 
tow they anict confor lo this or at physiological fart, 
and 20 forth, And then there are the who believe that 
‘iekogy dows not reduce to phases and ate prepared 10 borrow 
tothe derived from hamun poycholigy afd extend them to 
the tower avinalsThas the kt quartel between what we 
say call physical bilogits and bioligial binlgints(raechan- 
{ita uod anthmechasinm) breaks out tain, when we come 10 
Ui Felations of biology to poychalny, between the plain 
logical prychologiste and the paycholgical prychologits. All 
‘hese quarts seem to pcing fom the deep-seated desire fot 
Imonism which burns in s0 many sceatine brass, coupled 
‘Pith the droge of eighteenth and nineteenth century traditions 

Tahal not atteept to dicuse these guatels in detail even 
from the methodological point of view, 3 less i it necesary 
4 go aver the well-odden ground which occupied the centre 
of Snterest for the Victorians. Toe ontologies) probes ad 
‘it appeared to them and the various metaphysical ' solutions * 
‘which they quarrelled over wear a diferent aspect to-day, 

—s 
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and in any ou this js not the place t discos such aspects 
(ofthis antithesis. All propase todo is to expisin as dearly 
fT an why resto ese tions betwen 
‘ae of a totaly different nature from 
Unt betes ily ond he pga! en, and theo 
joint out sowe of the comequences af tis diGerence, 
the lat century these debates took the form of discussions 
“about the relation between" mind "and ‘matte, the assump 
tion frequently being made that there was no diffeulty about 
‘what these terms meant, but only about the relation between 
the entities relerred te by them. And. of course, for many 
urpotes everyone docs Know rourhly what he means when 
he uses these terms { have oscd the term ‘mind in the 
freient book in variows places assaming that for the purpose 
there involved the reader would understand suficiently 
clearly what was intended. But when we come to the primary 
metaphysical problem of the relation between ‘mind * and 
something ebe then it does not sufice to employ soch expres- 
sans without farther aralvss. Instead of beginning in this 
traditional way with vagoe absteactsubstantives, it would be 
much betler to begin with facts that we iow, however such 
dispute there may be about the precise interpttation of them. 
Utiwe do this we find that, so far as the present problem is 
concerned, there are two principal types of facts involved. 
In the frat place, there are fats of the type we assert in the 
propositions: “There isa jug on this table”: * This fog has 
four legs’: and also in universal propositions, such as: * All 
Yains consiat chicBy of nervecels and proteases". Tt i to 
this type that the propositions of natural science (as defined 
in the introduction) Delong. But there is another and quite 
diferent type of fact which we asert in such propositions a3 
"1 arm now secing «rea patch "; "Tam cow remembering & 
felephone nambyr: "1's now Uhlahing aout ine next 
‘general election“. f do not think anyone deoies that there 
fre facts of this kind, and when people soppose themselvea 
to be denying them they age really denying certain theedet 
boat them. Facts of this type are evidently of different 
‘nature and do not form part of the subject-matter of oataral 
science (as here uoderstood. 
‘Now ace obvious difference between these two (ypes can be 
expressed by saying that the Grst are public facts, and the 
secnnd ace private facts, Uf it a the case that "a jug is am 
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this table’ there is no theoretical obsiae to the posibity 
of any uombe of people knowing it. But itt athe case that 
"Yam now remembering a telephone mumber "itis not possible 
for anyone else to How 1 urkeas 1 choose 10 lel them, 488 
even 20 they cannot be cetiin that { am telling the truth 
‘Thus in the econd case the lacis are‘ strely private 0 ane 
lenowes, and olber knowere can oaly know thes at second 
hand, tnd with some element of tneertaety. 

Carvelated with this difcrence of accrwibility of the 
two types of facts ia the diference inthe way in whith they 
are Known, Facts of the frst type are kown throug 
Sense. thote of the second are not—they aze only kaown, 
“immediately o¢ *introspectivey 

ow the antitheis between “mind "and body ‘zest apo 
the exislence ofthese (wo types of facts, and om the dficalty 
of bringing thers togeihet on to the same epistemological 
Sooting It this were pemible thee would be no need for 
speech, and eves with Speeck we are no beller of in regard 
fo the present question, because speech does not allow Un to 
fnbaspect private facts celaling 10 ober people. and into 
spection & the only way af knowing peivate fact direc." We 
have no meazt of pang ftom neurological public fact to p 
vale farts, The ocly way im which we could establish a Cor- 
{elation between the fats ofthese wo types which are relevant 
‘to the present antithesis would be by sntrospecting OUF own 
Private facts, and at the same time senaeinapecting, those 
Pobilc facts of our own brain with which they are commenty 
Sisumed to be correlated. {f unis could be dene. and it it 
ould be established that there is a precise one-car carmela 
tion between every particular private fact and some particular 
‘oblic fat. ve should then have a means of pasting orn 
able facts to private facts. Bat rlote this is just what we 
fannot do, al that remains or os ta dois to speculate aboot 
‘this relation, or, what is mase popula. to dagmatie about it 

‘This being the state of afar what methodniogial con 
quences flow from it which are of importance for biology 
and ite ation to paychology 7 It seme cleat to me that 
there is no escape (om tbe conclu that as far ax natural 
seicnce is concerned the only correct attitude is behavisurisn 
Ato long me are dealing with organinma which are Sncapae 

on 10 be to rar and spor in a occurenee 
to capil aby Soliton of te soe salamat He near 
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‘of amertng propositions. In other weeds. it ie quite imponible 
ta atudy private facts wating to the Sower animele—we 
Cannot even fou whether there are any. I we are to adhere 
(o what is veriSable—as natural slence at its bt always bas 
ddone--then there seems tobe no sound methodological alterna 
live to behaviourias. If by peychology you mean the stady 
of private facts there canbe no comparative, prychology 
‘And ic follows from this Wat we can make a0 scimif ner- 
boas about the evaltion of mind Uwe atetopt to into. 
dle, among publi facts relating to orgasiuns, eivae facts 
‘shich we Row only ia reltion to oanelves, how fur pro- 
Cure to be stingsished tram ontalagcal tain?” From 
the methodological standpoint one 1s Just a inadmitible 
0 the other. "You are simply inrodocing private facts 18 
order to “eke out the collapse "of an explanation in terms ot 
pobllc acts And when we come to cn, whe fs capable of 
Fmenting propositions we are relly mo better off Tt is 
jnst an ilegiimate to inttodace peivate facts into an ex- 
Posten of human cerebral physiology as iti i the eae of 
Tow tial Pub fats of ti int and private feta 

fase to mix 

‘But it doesnot follow from this that a story of peivate facts, 
ven in ether human bongs than ourselves, is tmpousble wr 
‘vluclas.” Here I should dnagree wath the exizeze behav 
Ines who are not content with their own methodology but, 
Ain the way with inwaan tanga, taunt carry the war 
‘what they erroneously sappose te be the enemy's camp, ad 
sosctupan antithesis. The sacerosof the peycho-analyeal 
Procedure shows tha it i pousble to study” private fais 
Scieifealy. But the succes ofthis procedare has depended 
‘the fact that they have dane what the bebaviouriea have 
<oneothey have refased to mix het fate withthe other ‘ype 
‘of facts. So long a8 you adhere to public of to grivate 1acs 
fod Eeep theot pure, all goes wellyou remai all the ime 
{2 ove epistemological plane. thi Gone the bebaviounet 
need have no quarrel with the poschologist. Hiss the easier 
fuk because public fats are direeUy accesible and afford 
a alee bas lor generalisation. Bat be is in 20 positon 
to throw slopes a those who choose the mere dificult task, 
1 theory relating (othe private facts cf x given individual 
(an bee vetted for that parucular individual tn epite of the 
igculion 
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| Eoamps om the Evasion of am, Orfnd, 2087-7. 
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neem cape iu Smey me Dahvios och 
Fost sot ind ester ceene 0 re 6 8 eacenion, 
‘What is meant by = power of discrisioation "residing "in 
the nnogallium? Note that the author in both pasragte 
uses such expressions as "in a sense” and ‘so to speak? 
indicating the recognition of & difically. Ia speaking of 
Sacrimination we may mean, as far as I can see, one of two 
hing. We may mean discrimination in 2 peychological 
sense as when we speak of discriminating red trom bloe Or 
wwe roay svean discnrtinating in the sense in which an auto- 
matic machine can be said lo discriminate between & penny 
finda ballpenny. It in the above passage is meant dis- 
‘crimination in the fist sense then the author has imported 
what can oaly be discovered by intmspection into what he 
lang discovered in brains by means of sense-experience 
‘A very good example of wiuat seems to be simple animistic 
explanation in neurology is aflorded by the following passage 
from another neurobgist. Professor C. J. Herrick isexplaning 
hhow a catfish takes Ws food : 
vitae eg ud tater pote seh 
erate tr, atoe Vast mstat VIE nerve are acento, dod 


The iood abet and elimtcysealionse. “IT free gh bat 
‘Hoan vin he moter Vs abited the 




















Profewor Herrick adds that "This is not a hypothetical case ; 
it is well authenticated". But docs this reler to the public 
facts observed or tothe interpretation ? Ifo the latter thea 
‘te fish must have been consulted, since no one else knows 
what tastes “right or “vile” to fishes ! Thus in this case 
the nerve-cels of the fish (or its ego} are permitted to make 
frdeynentsof value aadit is theae which explain" what path the 
Dervous impulse takes. Tt is just this which constitutes the 
fundamental problem—how it is that a particular linkage 
An the nervous system ix established on a particular occasion, 
‘and it seems daubtfu (as was suggested io the last chapter) 
‘whether this problem can be stodied scientifically at all If 
‘we interpret it im the above way are we oot unconsciously 
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ppeating to vitals? Profewor Here himell says on 
‘he same page that * What bappens in each cae acems to be 
Sctermined by the relative poteociea ofthe several members 
of the comple.” Ths i ceianly varue, but i cxpresaed a 
‘ode of viewiog the atuatian which woud sce to mae any 
reference to whether the food fel or tastes “right "antes 
sary. i tse petage worth mestonlg tat ewe in tr 
‘own case when we make judgments of value regarding gus 
tery matters the “that Jeg trove eating sou 
ia its nervous system, So that even i ts cue Hu¢h 
[greats wil sot help ws in a physiological explanation 
hope thee few examples wil ustrate the contention brought 
forward sbove that sathing is gained hy mixing geivate Facts 
+ with poblic facts im neurology 
1 seems plan thatthe adjectives * physical" and * mental’ 
xyes te difference between public and private f301, and 
Abe terms’ matter and mind” exerolfy the ote of the 
categey of substance i elation to these tw types. Malte, 
‘inde and the causal nexus sccm £0 be three entities “not 
observed by according to ordinary accounts) which aft 
nevertheless very woeful in systematiing our experince 
For reasons abeedy given (he is vo oceanon hee to discuss 
the relative merits of the various metaphysical theotica which 
‘were popula inthe lst century ceqarding the" pity qucalion* 
ofthe relation of ind w by which, according to Whtebeed, 
fas bern confused with what Be cals the "grand question * 
of the relation of mind to nature, I should fect inclined to 
‘gree with Wiliam fares that ey ace but eiritual eMore- 
form "device fr * making a huxary of inteectual defeat 
Bat it in deicable to provest against their admission into 
iocetial bickogy, especialy when thei retaphysical nature 
4s not made clear and they are alowod to slp ito the expo 
nition es reapeetable setenlibe theotica. At the present 
‘moment speculations of the *double-aspect carrelation 1ype 
“appear to be popular among biologists {say nothing about 
‘the merits or demerits of tne speewationa frum the stand 
point of the metaphyaician but Iam merely concerned to sow 
2s plainly as posite their extre-biological nature, io order 1 
hasten the proce of didecentiation of metaphysic. fom 
ater scince. An example of the intreduction of specula- 
tions ofthis Kind inte bielayical exposition is found in Ute 
book by Prolemor E. &. Goodrich which in intended fr the 





says Profesor Goodrich, isa discredited system of philosophy 


Dhyaica,’ there folowe what appears to be an exposition of 
[puycho-physical parallelism of the type refered to. 
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‘ont ako that this “fondemental reality’ és a hypothetica! 
“Entity poubdated to provide an ontological Gilling for the gap 
esalting from our epistemological doalism ?” On p. 173 
Prokesat Goodrich writes” We know of no mind apart rom 
Seer an sare sete anata Fe 
an occur without Processes, however 
Siniple they ray be But equally we have no right to wasame 
‘hat roetabolic proceses cannot occur withoot correspond 
imental processes. We cannot observe metabolic und ment 
rovemes togelter at the same time in the same way and 
ousequently we have no way of deciding by observation 
between these (wo alteratives. But the uituation is even 
‘worst thas it appears because we discover later in the book 
that Professor Goodrich makes a distinction between “ con- 
scious” and. ‘wnconscious ” mectal procestes. Conscious 
menial processes are apparently the Ones we observe in 
‘elation fo curses, and unconscious ones cansot be observed 
‘all but are mere postulates (o cxable the cvolutionist to 
[Ft over the difficulty of the evolution of“ mind". Hut what 
meant by mind and tow is it town to Rave evolved? 
‘There are ebviously a number of altemative answers to these 
questions none of which can be subjected to anr test which 
‘would be recognized by natural scence. Let us consider some 
of them 

Wat we observe through sense expericoce appears to be 
crganized systems of sensi relation to places ding prtods 
‘of time. Some of these oysters have an enduring character 
4 that they can be recognized and ealed perosptual objects 
Some are calle tiving organism, and what are calle metabolic 
procenses are certain abstract rrcogrizabke types of change 
‘haracterising events which are parts of organisms, What 
‘we observe by introspective experience amd call mental 
Drocemcs appear to be very diferent ents trom vense 
spaces and times. fn sensing a fed patch 1 am aware of 
red patch and I may also be awaze that { am sensing x red 
patch but itis very dificult to say anything more. Hf wc 
ets of awareseas and of introspection are to be called cam 
‘long mental procemes, and if it in 40 dificlt to find out 
‘anything about them, what am I able to say abost hypotbetical 
tuncomicious ones? And when em being aware of « fed 
patch what do I know aboct any metabclic processes which 
‘may be going on at the same time which would enable me to 
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ray that Lhave xo cght 9 aetume that such procemes canna 
‘eeur without comesponding mental ones) Then. again: 
{Un to give the name mind tothe acres of mental prosesaes 
twhich we cal wersing. porcriving, remenberiog and 20 on, 
(Fin it tobe given fo sornthing eee an ego or wif or subject 
Which is said to “have” or to perform” theve processes? 
Tithe ister alternative is Chouen tow do come to now hat 
‘here is woe a ently and wat isis relation 10 whe cent 
prooemes ? When is suid that mind has evolved is this to 
Serunderstood to apply to the mestal procenes of to the ago 
of subject? [tie evident that there are many porbiliies 
ibeween which it is quite ipomibie wo decide by any ex 
rica test, and iti sil more evident thal mo answer can 
Ee given to such questions from the standpoint of Diclgy 
Yonelade then that i i desirable to avend confusing ese 
‘problems with biologie! enes. because it only tena to mislead 
Yeople into supposing that out biological Kaowiedge is of 8 
Aifrent chazazter Irom what is actuay the exe 

‘A’ word of explanation is perhaps mecesary In reference 
to what was said in Part t.about"peripients 19 relation to 
theory of knowledge. An examination of knowledge vera, 
to require (0) percents ot nowers; (2) that of which 
Deccpients are fom rine to time aware; and () kagwledge 
‘which in natural scence is system of propositions about (2) 
Hut 1 deliberately avoided making any ontological aertions 
about (1) and (3) bevond what was or seem to be required 
{or describing the situation of pereption trom the episteso- 
logical standpoint. Similarly "when said in &. previous 
hapter that “Beto possessed of minds” seemed to sigaily 
fnew mode of perustence for huran begs as organist in 
Yirtue of the pomibility of peevision, this statement ft not 
ade from the standpoint of bisegy but from common sense, 
and L therelore pat the above expression in inverted commas 
to indicate that it was an zanaijaed ane. But the correct 
‘nalysis of this exprenion cannot be vndertaen from the 
stnedpoiat of Biology. From the common-aense sandpoist 
wwe all" ow" vaguely what i roeans, but trom a critica 
Joint of view we cant be td to how what St mans 

the metaphysical stendpoint there ara our 

{Mternttive analyser betwers whic sis posable to dece 
Any biologist. therefore who introduces ane posible analysis 
‘te « biobglal dincumion without snderstanding and making 
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uar its rue characteris guilty of confusing natura scientific, 
Iknowledge with metaphysice) speculation. 

"WE will be noticed that fm the passages quoted from Pro 
Gocdrich no reference ix made (a senza. One would be ld to 
sappooe that Ue world can be exhaustively enalysed into 
‘chemical and physical processes and mental proceses, these 

“aspects” of the hypothetical Iundarsental reality 

is not observed. But it this is s0 what becomes of 
seota which are observed ?. Ate these physicochemical or 
mental? According to Prot, Lioye Morgan they are mental, 
but this sa pure assumption for which wo specially compelling 
‘eason ia given. Why should everything be either physico= 
chemical oe mental 2 There seems to be no very Rood reason 
for supposing that sensa are cther, and no very food feavo0 
for supposing that everything which belongs to” nature can 
be exhaustively decribed a physico-chemical. 2 would 
in fact be very difielt to give a precise meaning to the ex: 
pression physico-chemical. and il is just beeawse so Ute 
Attention is given to precise meanings that 30 much of Our 
So-called knowledge is sen to be no Sowiedge at all as soon 
4 i ig submited to strict analysis, Anyone can convince 
imsel of this who wil st down to an honest attempt to 
discover the precise amosnt of inormation that i conveyed. 
by the statement that body and mind aze two aspects of one 
findamental cealty. {1 he conscientiously analyses the 
smearing of each word he sil soon find that they camceal 69 
much ignorance, and involve so many anwarrantable assump: 
tions, and ananalysed notions, that he. will be (00 mock 
coceupie with them to fee! much confidence about the meaning 
Of the proponition asa whee. Nothing ts easce than lo Utter 
(grammatically correct sentences which appeat to say some: 
‘hing important but which are foand on exazrnation to convey 
‘ext 19 nothing, The mare one reflects aboot thi question 
the more one secs how imposible itis to speak of“ oar know 
edge "concerning it, st tas of" certainty“. But fortuna 
the biologist as such has no occasion to trouble hisnelf 
Ail these dificulien. Hie bands are full enough with dit 
‘culties and unresolved muddes ix his owe spbere, and if be 
evotes his encrgies to his own affairs he wal have Bitle time 
Jett for amateur peychology and metaphysio All he needa 
to know about these toples is just enough to save him fem 
‘nureducing them inte Books which profea to consine then 
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selves to bialogy, But it does seem to me that Prof. Goodrich, 
jm the little book refered to, although professing to eunfine 
himself to sciatic biology, bas not been able to reset tbe 
‘temptation of expanding it into 2 metaphysic of things 18 
general along typical nineteenth century fines, He aot only 
‘expounds the * double aspect "theory but he also applies the 
doctrine of natural selection to ethics, and the consequences 
fof this are interesting and worth pointing oct. 1 have cot 
auempied to discuss the ‘antithesis’ between Darwisism 
‘and Lamarckiem io this book becamse the whole subject at 
[present seems to be ina chaotic condition. But the Darwinian 
Goctrine appears to be a kind of logical blank form waiting 
{or data to fil in, and for easons already given these data, 
0 far as changes in the remote past are concerned, are not 
forthcoming, and consequently it cannot be used a1 an 
"explanation of such changes. Moreover, I have brought 
forard reasons for believing tat {com the peculiar nature of 
the ease no cevsa! explanation of evolution is possible And 
yet Profesior Goodrich says that the historian of biology" will 
‘ot dwell with much prilk: um the account of the criticisms 
‘of Darwinian ductrines.” He admits that "it doesnot explain 
everything. that many problems remain unvolved' but 





‘And in an easter place be writes that 
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{1 is interesting to contrast this with the following expression 
‘of opinion by the more etitieal Bateson : 
The ws fines of eviteace plat wo cleacy to CAs 
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nme meee ity tn 
Spires seer as 
See ee 
Sete Seen Saas 
Sats 


The following is the passage in Professor Goodrich's book in 


“which the doctrine of natural selection is brought into relation 
with ethice = 





1s this not u great muddle? Did Clive succeed in India by 
Brutality. aud and greed, of by co-eperation aut sell: 
ser fice} Surely it was co-operation with thowe on his own 
side "but Brutality, und and greed between his side and the 
fnemy. Also in the ate war there may have been co-operation 
and wif sacrifice berwees the Altes fltbough ever that has 
been disputed) but i was sells ane big Battalions in otber 
words blood and iroa—which determined the Issse between 
thera and their opponents. fa shor i was natural selection 
of the typical gladiaterialshow ype. What if to decide 
hich civiisation is the highest on Darwinian princes? 
Surly the Sttest, and that means the one which aaeceeds-— 
‘whether that success is achieved by fraud, cunning, of 
‘Operation i all one from this yo of view the great thing fs 
Ao succeed.” It seems to be but another ease of trying to have 
the best of Both worlds to attempt to mingle Darwinian and 
smocalty. i hanesty i tbe best poliey fom the standpaint 
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‘of ‘wurvival value” then we mast be honest, bat i cecsion 
fries whan greed und (cued ate best then we toes be preoly 
‘ne fraudulent if we wast to soceed and be namabered cavong, 
‘the’ Nighet civilizations. I you are going to apply Darwin 
{sm crcalled) consistenly in morality thece doce ot soma 
to be any way out of this cancision It the theory is true 
it limpies that whenever we say that a particular mode of 
Conduct is good thin is equivalent so saying that it ix expudint 
IWimplies sls that the ovly value in scence, az er religion 
lies im the tact that nations which practice these things are 
more likely to socceed in the struggle for existence than 
nations which do mot, not Because there is anything valuable 
in thom in any other sense. Finally it would mean that by 
saying that the Darwinian doctrines are reprehensible if they 
(each thal brutality, fraud, et, are the endy means to Meccan, 
all chat we can possibly mean by this is, not that Brutality, 
‘ts, are in themselves evil but that as a matter of fact they 
are et succesful in the strugale for existence, Consequently 
it would imply that by chance they ware succes brotality, 
fraud and greed would be good and mot selsncrice, et, 

‘On the other band, if anyone feels that there ls something 
‘wrong with this account of oralityhe bas Ro other recourse 
‘DU To consider the advisabwity of ging op the application 
‘of the Darwinian theory to the sphere of morale, because as it 
stands the above is certainly what it means. Ic may be true 
{hat * poe" dows mot simply mea." expedient" or "sucess 
fn the atruggie for cxstenee although many people behave 
as if they Beheved that it did Bot sf you believe that good 
des nal mean this, and if yoa believe that aman belies and 
Scientific doctrines inflvence haman ations, you wil Det wish 
ta advorate the Darwinian doctrine of morals, however much 
you may believe im the truth of that doctrine in the biologeal 
{as contrasted with the human) sphere. It may be wiser in 
actual Life ta be gusted, not by sprealative abatract theric, 
but by the good sense and moral istcitions of mankind, 
hatting and feebic though they may be—perbeps only joat 
“emerging ', We must not foget that our bislogical theories 
fast becanse they ar biological, abstract from what ts charac- 
tesistic of the civil’ human ievel of attainzeat. The wise 
man who understands that the intelectoal is only one ataocg 
any other human activities, and that there ar other values 
‘an biological ones, wil, pechape, follow the second of the 
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above alternatives, There is always 2 danger, if we are in 
too great a hurry to being abstract specalative theories, 
sot which there Is will so szuch dispsie, inte practical ie, 
‘of exposing ourselves to the ridicule of wise men in other 
‘walks of life and of discrediting science in their eyes. Tt ie 
interesting to tead what Mr. Bernard Shaw has said on this 
topic. This Is not 8 crticiam of acientibe Iheoriea ab auch 
but of their hasty application to human problems: 


“atin se mh Yo IX crear ated pyc 
seed the werkt othe mame of Scenes thet malate nod 
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‘This is hardly relevant criticism from the scientific oF met 
physical standpoint, but it seems to be good common sense, 
ind practical We isthe realm of common sense. It is inter- 
tenting to compare this pamage with the experience of an 
‘American biclogist at German Hieadquarters ducing the late 
rar. Prof. ¥. Kellogg wzites = 
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fra) that there ae general unveal Coltionary we 
‘pplcalle to al cpanaons at all Cratioary Bevel and 
Brtont we know enough about the sad ines tobe able fo 
ite soceping uecrtcns of the Kind contemplated in the 
ipunerts to which Profesor Kelogy cess And yt anyone 
‘tio bas setected ll showt the present state of our bo- 
Taeal knee, cpecly wi erence to elation, wil 
fxr bow altel sto sty whether any ofthe above Sout 
Mumptione are trae. Moreover ray be doubted wheter 
(ih dene tat only tae" physealy stonget sold 
fhvive, and whether {a} onde the conditions ol modem 
‘rr they doi fact sre 

Tit azo seumed that xan” in i a position to decide” 
how andin which decton he ito develop. Bat th aasump- 
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that Gels nan cede Gober to et he conte 
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is it sible to reconcile these apparently contradictory 
ore eaten 
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Pagel 
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‘And shen we bear in mind the uncertainty and extreme 
‘seimitiveness of cur preseal biological Loowledge (which 
{ends to be obscured by the dogmatic way in which biologints 
10 often peesent the particular ane of the alternative theories 
to which they bappen lo subacribe). when we recall how 
abstract it is trom the human standpoint, the dangers of 
applying it to buman affairs appear to be pavticalarly serious, 
sand call for more than erdinesy caution on the part of those 
‘who are cager, no doubt wilh tbe best intentions, (o advocate, 
sad applications, 








CHAPTER XI 


Twa Forure op Biotocy 


1 this book we have been stedying what is commonly called 
‘the philosophy of science with special ropard to the problems 
fof theorvticat biology. But I have avoided thie expression 
‘because T have beea trying to close rather than to widen the 
Tbeeach which separates the natural from the philosophical 
sclenees, These sciences mierpenetrate one anolber. Every 
Tbranch of nateral science has, it seems, three aspects: fist 
‘and focetort is the investigatory aspect which is concerned 
with discovery : secondly is what we may call the epecalative 
‘aspect, whose bosines itis to discaver means for srstematizing 
he knowledge furnished by investigation. issuing in e00- 
structive theotics. The third aspect es the critical. which bas 
to do with investicating methods of interpretation from the 
standpoint of logic and epistemology: It seems to mie to be 
‘quite erroneous to suppose thal natural science only has the 
fiat aspect because no investigator works or can work without 
some theoretical background bawever hypothetically. it is 
‘entertained, In the minds of most men of scence litle OF 56 
‘eparation ie ade between the frst and second anpects. The 
same men who make the discoveries are usually responsible 
fey tbe there, ston thsi em rae of pale can of 
1 neem ‘obvious that af biology develope, 

ed Ne several bras tacos more and ore opel, 

the more diffalt will it be for an investigator to obtain & 
ciently wide and detached view of the whole field 0 make 
indoctive geacealizations which do justice wo all the branches 
_ritnout being too heavily loaded irom the point of view of one 

‘Bat whes wa came to the third aspect we find that this han 
Iharaly Deen developed st all, mast men of scence pay very 
litte heed to it, oe, mere commonly, ate not even aware of 
ita existence, ats Jee ofits importance, ere again physi 
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1s superior to biology, although the standpolat of the ctl 
‘spect & by no means fully understood by laboratory physic- 
ins And yet to my mind this aspect & jart as important 
{9 any of the others, and certainly just as important as the 
second, because the speculative aspect is subardinate to both 
Investigation and cotriam. Le has to do with superstructure 
which is always lable to revision, ether usa result of further 
Investigations or as x eral of Geepes critical insight, Facts, 
an the other hand, provided they eu facts, always stand, 
wbatever becomes of the theories founded upon them, and 
the ritical aspect also as (odo with foundationt—not by 
vray of puitive addition of facts, bot by way of removal of 
‘batacles, fale assumptions, fallcioas inferences, dacevery of 
the influceces of subjective factors, and to on. But it also 
has its postive o constructive contribution to make. Look- 
ing at old problems in anew litt, or foo an unfamiliar point 
of view, usally brings fresh insight, and the Gear formulation 
‘of a problem is the Bt step. and inderd the most important 
‘on, towards Sts solution. In this book 1 have brought for. 
wward reasons for beleviog that ibe veflect of his critical 
‘spect is partly responsible fr the onsaistactory development 
Of present-day biology as contrasted with some other scieness, 
and these considerations suggest that it is m this direction 
‘at there is scope for improvement in the training of bic 
logical studeots 

"But while, ax 1 say, I have been trying to close the breach 
between the natural and the philosophical sciences, Cave at 
the same time been trying 10 distinguish them more cleury. 
We have to learn to distinguish withoot separating. We 
‘require « division of labour. but not a division of the spoil, 
Shave shawn how lite Dicogy has clearly distinguished the 
‘metaphysical (com the scientisc attitude towards probleme, 
asap ltepeetne ly tn praised 
{just as logic and episteralogy isterpeoetrate i in its critical 
aspect.” Metaphysicr and logic only diter fom speculative 
aad critical biology i the generality oftheir standposnt, The 
relation between a given branch of science and meta 
in ao seyrametrical one. By this T mean that metaphysics 
Gepeadent upon all the special sciences for its dete, but the 
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special sciences coght ot to be infomnced by metaphysica, 
Ail few should ey dictate the form tetaphyscal inte 
[eetationa shoaks take And when f ray that the epecial 
Acienoesshosld not be infuenced by metephyrics, I mea Hatt 
they should not borrow notions fora metaphysice Hl, 
‘We hate now seen many instances of the Boding in duence 
of metaphysical notins on natoral sieee, reiting from the 
fact that those whe borrowed thers have not always under- 
stood theie aature. And when metapbysics tales iy dala 
from a given science H ought 0 bear in mind the stale of 
development of the science in quetion, Bilogical notions 
ae begining 1 play a great putin metaphysical ypeclation 
That its obvious that the praca state of biology i one wich 
ot only might justly be dexibed as prime, but i has, 
4s we have seen, been very largely developed under the in: 
fluence of a anwsided metapysie of nature, If this is the 
case the generalizations of tology aze likely to be too unripe 
to be of much value to metaptysies, And since the ctial 
axpect of Biology has been eo tle explore ii lo be expected 
‘at itis here that sost attention is needed, and Wat when 
suck 2 pureation proces bas been more flly cared out i 
{ell have important consequent ‘or the speculative aspect, 
1 biological scence. Iti withthe eritealsapect of logy 
that Lave been exclusive concerned in this book. But logic 
with epistemology. 1s one of the Plesophical sciences, is ot 
AU all concerned withthe special diffcutte of bhlegial 
lonowindge, and hase Fogiiane who have interested. them 
salves it the methodology of ‘natural scence have usally 
fonfned thei attention To physics. Consequently the only 
help we can obtain from logic and episteralogy 38 of a very 
general kind, or of a kind which hes chiedy been devel 

forthe benefit of the physical ciences. All he recent devel 
iments in logic and epistemclogs need therelre to be wader- 
‘Mood witha view to ther expuitation forthe bene obi. 
Jogical thinking. In chia chaptce{ shall try to sammarise 
‘he retults of ome of the foregaine ditcustons, and poist out 
‘the directians in which theres reason te hope fr good reals 
from further sty. 





For the purposes of this summary we can group the charac- 
‘eisticn of modern thought whic are especialy relevant (a 
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‘out problems under three heads, representing contrfbutlons 
bby: {1} Logic and epistemology’: (2) Physical and payeho- 
logic science 5 (3) The ‘organic view" of ature, or the 
oder cosmological outlook. 

{1) The most interesting development of mode theught 
in relatin to theoty ol knowkedge is the rcturm to realm, 
Dat to forms of realism which are as shocking to comman 
sense, o naive fralism, as any of the alder epistemological 
theories. ‘We have sce how biclagical disrussions are apt 
to be condacied cither upon a bass of wale realism, or under 
the influence of those epistemological notions which wed. 
fram the treatment of the secredary qualities as ° unreal 
‘The lormer state of affairs lads to our taking common-srese 
rations ws beine moce concrete than they in fact are, an bend 
othe fallacy of misplaced concreteness” We sant examples 
‘of this in the we of the cellcomeept, and inthe notion of 
"surueture " anatumically conceit. The second altemative 
rewults in the unfortunate hsbic of treating. bypathetial 
‘postulated entities as" moce real" than that which they have 
been devised to explain. This has been the commonest 
‘method ol treating change. and we have sern examples in the 
‘use of hypothetical particles (pp. 2%, 331). Imperceptibly 
‘this has had the result of leading mataral srience away fram 
Its proper empirical attitude, and it is the setuny to thit— 
the return to what can be perceived—which iy ene charaeter- 
Astic of mexlers paysicn. 

‘The other tendeney J have tried to tebut i that which 
ean be described a8 * phenomenalistic’ In x0 far ax this 
represents a return to what can be pevccived this is a Rood 
endenes but, in the forms we have examined, i¢ docs not 
‘teem to offer a tenable position as a basis for scence. We 
have noted two forms of this movement : that represented bY 
Mach and his followers, and the ' Bradieyan form, both of 
“which have their ramifications in bioingy, especially the latte, 
‘which is the point of view held by the methodolorical mechan- 
fu. 1 have given reasons for believing neither of there 
pudtions to be satistactury, and T have tried to develop « 
Falistic doctrine af Rrowledge along samewhat similar lines 
to those pointed out by Prol. Whitehead. This seems to 
Ihave worked folerably well. bot [ should be sorry to give 
the impression that I suppose it to be either sa abmple an it 
may have been made ta appear, or beyoad the neceulty bo 
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further development and critical weting and revision, Some 
obvious difficulties have been ‘rected too lightly particularly 
thove relating to the apprehension of space-time. We are 
‘also greatly indeed to Protessot Whitehead foe his cluckdation 
of the mature af sbstraction in natural seience, and T have 
Grawn attention in many places to the fallacious consequences 
(f ot recognizing the natare of the abstractive process in 
Ddioligy. A common mistake consists ia making @ lake 
antithesis between abstract nd seal, an instance of which 
‘we suv in the passage qualed on p. 732 where’ mere imprention, 
‘Of che mind "and convenicat abstraction" were contrasted 
with ' Laving a real existence ", It is also commonly beBeved 
that the abstractive process is an arittrary one, whilst in 
coatrudiction ta this t the equally common tendency 10 
furget Une existence of abstraction, to take abstracia 3s 
‘concrete, and to suppose them to be exhaxstive. This brings 
1m to another important modem tendency which con be 
‘described as the abandunrvent of " absolutism * for * relativ= 
{smn *, and couphed with this ts what we may call the" recog 
pitioa of the importazce of the powible '? From the former 
twndeney we kara the keawn that alternative methods of 
bvteaction are mutaally complementary rather than mutually 
exclusive. Only eontradictorice are stually exclusive, But 
4 in evident from the mature of abstraction that what one 
‘method amits another method must inclade, if what is emitted 
is important. There is ruom for hath“ mechanists” and 
"antimechaniss "in Biology. a8 representing diferent modes 
of abstraction, 40 hg as Uiey attempt to understand and 
coopirate with one another, ieatrad of wasting their time 
bby eflorts at mutnal extermization, But 20 ng as the 
‘devatees of this science are divided into coulcting sets which 
conduct their debates Uke rival missionarirs—appealing to 
"aubjective-lactors' By auans of ad hominem arguments, 
rather than ‘0 reason, 30 Jong will biology cuntinue to be a 
“seience of antithescs , and effort which might be more 
‘belpully exaployed explocing ther possiblities will have to be 

NGF, B. Renal: * Logic, instead of bing, as formecty, te bar to 
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evoted to remaving seedless sod artfelally created dit 
ultien. This leads ws tothe second cendency which invites i 
{o tum & more tokrant eye towards the exglortion of te 
Tealm of possibilty, with @ view to Ending aernative inter 
[retations. One of the most deadly consequences of the cock- 
Sure apd dogmatic attitude of natal science during the last 
‘century was the way ted people to Believe that we bad arnt 
‘that there was to know on principe, and that the future 
bad no suprises in sare for ak Modem physics has found 
to depart (rom this attitute, but isi seo to be 
operative la Balog (p.255). This tools another instance of 
the departuce trom the emparcal altitude 
‘he roost remavkable developments of modem 
taught wick fall under the present head are thowe i formal 
Jogic which have emerged in the cours of investigations the 
‘foundations of pare mathematics ft has been shown tat 
{he ater is itself 2 special developesent of formal igi, and 
‘ther ssmbolic techniques have been developed of «wider 
256 dierent scope.” ft is pouuble chat this symbolic logic 
‘may tome day be of service ia dealing with islogeal problems. 
Bat in regard tothe use of any deductive logic ts important 
to andentand that all 1 doa: isto provide a technique for 
‘working out the consequence fs teary or sytem ol premises 
{rom sehich we stat, and in natural science These wil abaya 
involve telerence 9 what is observed. And symbols are 
else i you have no dear concep of what they symbalite 
"A ayraba wbich has not been propely dened "writes Pro 
Whitevead, js not a symbol at all” Ty 3 mercy & Dot 
of ink on paper which has an easily recognizable shape =! 
But we bave seen that & great many of the mont important 
terms in biology ate commonly ased without adegaste 
eGzition, and we have seen sve of tbe canscsjuences of thi 
‘A great sumber of the words used io Biological bookd are 
‘othing more than ink marks without a clear rcaning. and 
{Cis became no one eaesiders it necessary, either to amiga 
deus Tarusing to such terms, of to abandoa thet altogether 
(hat much Biological controversy is apt to be 30 ftutles 
‘But co long as this isthe sate of aflaie there inno hope ft 
dear thinking or fr the application of any sort af eyanbolc 
technique. Neither is it of any avail to accumulate messare 
ies unas you have dear concepts relating tp wal you are 
* inetmnto Matin, 991. So on 99. and 137. 











‘THE FUTURE OF BIOLOGY as 


soeararing. If we are to be gulded by the history of physics 
‘ind chemistry we ought to seek far the Tost pervasive and 
‘oat constant features of organisms and to try to find some 
measurable character lated to them. One most 
feature in the celitype of orgasization. Another the 
‘constancy of specisc earacterwation which is studied ia 
genetics, But the feature which is so characteristic of bio- 
Hogical organics is the fact that helt mode of persistence is 
‘by means of" change, wot" by absence of” change. It seers 
to be this fact whichis responsible for the peculiarities of the 
‘elation of the organise to its environment, and of the parts 
fo the whole, and itis difcolt to see how any theoretkal 
Biology Which refmes to take thisinte account can be satis: 
factory. "Ut remaine to Be seen how far such requires 
admit of mathematical or symbolic treatment, athough it 
srould seem that iti in thew directions chat we shoal ok 
for the missing concepts which are to play the same ree fa 
Diclogy as acceleration dors im physics and combining Dropar- 
‘ions in chemistrr. But before we seach this stage thete fs an 
enormous amount te be done by wav ef portving and making 
‘Gear the Dislogical cancepes which we already poses, and 
‘which have alveady done good service. Charles Darwin has 
been called the Newton of biology, Dut it will be time enotgh 
{o talk about the Newton of boiogy aller our science has found 
its Galiko. To suppose that Darwin was the Newton of 
‘ology is to suppose that biology bas already reached a degree 
of theoretical Gevelopment comparable with that of physics 
{the eighteenth century, and that surely is peepenerons. 
‘We only snake oar great ten ridiculous by putting tern i 
ancy areas in this way and we fatter ourselves with a baseless 
camplaceacy if we imagine that ons acieace has attained (© & 
Atealcr degree of development than in in fact the case. 
Finally. under this head come also the criticisms to wich 
the notions of substance and causation Dave been aubjected 
during recent years, It is suficiendy clear that the old 
Aritotelian notica of a thing wit attribute, and the nots 
‘bout cansation which we carry over into science from common 
sense, are full af diffculies in their ue ix theoretical biology. 
From what has been said on theve points itis evident that bere 
4 ax important growing point" of Biological methodology 
‘which deserves more carefal altentios, particularly in relation 
(te development and “adaptation 
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(2) Under our second bead, namely contributions of the 
‘sdences, undoubtedly the most important from our 
‘point of view is the weiimiation of space und time, and the 
Beonsity of“ uking time seriously which is characteristic 
‘of modern. physical scivace. Ht is thi, coupled with epic 
temologial “crtkism, which is to largely respocaible for 
the departure (com the old-fashioned scientibe material, 
L have tried to show how important this is for biological 
‘thought, specially is relation 10 the time-honoured antithesis 
between structure and functian. This antithesis sexs clearly 
10 rest partly an tating structure too nalve-realistically, and 
partly on the separation of sjace and time. The notion of 
the space-time event seems to offer x means of completely 
overcoming this antithess, and I have tril to suggest some 
fof the contequences of ts removal. particularly in relation 10 
developmental and "teleological "questions, Dut i is evident 
that these consequences shoold be far reaching and theit 
complete working out requires and will repay a grea’ deal 
‘of careful consideration. Charly one of the soos! aneresting 
‘end important probiees for the biology of the future is What 
‘of the relation of characters to parts ol genetic ' factors ' 
to developmental process, of the persistent racial immanent 
‘endowment to tbe procs in which iis laplayed in the sgurve 
al temporal paras 
‘Two (rarures of modern paychalagical science are worth 
mentioning under the preseat bead. The fit is the Gealalt- 
theo, which is ofiteecst imo far as Reycenenta  eesction. 
‘against the old atomistic tendency io psychology. The bless 
employed and the methodakgical points involved may be of 
interest. fora the biological ‘sandpoint alya.! The second 
feature isthe rapid develzpenent of the schuok of peychological 
medicine which owe theic inspiration (9 Sigraund Freud, 
however much they may differ frown him ia coutent. This 
fs aiso of interest from the methodological stmnd- 
pint because it shows the pussibilty of developing a system 
‘Bic scinoe without the une of the traditional comoepla which 
Ihave reigned oo lang in nataral science at to be conaidered 
inseparable trom the very name of science. 
(G) The third and last bead—abe ‘organic view‘ of nature 
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whichis championed by Professors Whitehead, Line Morgan 
43d other. ia of wo inet concern to bony in sofa asi deals 
‘th the wider metaphysical counekgica! probleme, but i & 
‘of importazce fom the biclogicat pois cl varw ini emphasis 
fon the concept of organization, sad on relations copecally 
Interaal and tuutile telatinas Tt isthe reongiting of the 
Ammportance of asltiple relate which maxes the Anstotlian 
logic of subject and predicate = soauequate. fn this book 
Thhave tied (o analyse the notion of organization in relation 
to the actaal problene of busogy la tank which, 20 far ax L 
kom, Ras not been attempted by Lid>git) with tbe as 
provided by modern ibought, bot here agin I do not profess 
to lave done more thao opea up the aahjeet. There 4 ¢o0d 
reas to believe, however: that insficica alention to these 
eins has had unfortunate results for braogical development, 
Ahad that hete also thet is room for further ingy fy is 
fonaexlon toe, Lhave tied w dices the ext fespects in 
‘which De. JS. Halane ders from the majors ot physi 
Jogists. “And because Dr. Hablam’s view of the organ 

seems to me tu be got (apart from whatever wider me 
hynical opinbaas he may’ bul) L have attempted to Acer 
od expla what thal tew is, and to tore he sbjcetions 
whch phrsiologos have Brovgh agouti and the msunder- 
Standings upon wbich tose objections appear to test 
have emphacaed the jnportance of tle ostons of fart and 
‘whole in biology, anc attempted to char away certain is: 
Understandings which have gathered road the Gel eaneept 
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And T have tried to devdop 1 new interprcation ofthe coll 
foncept in accordance with toe refeal te separate tie and 
space, We mn try to think four-dimensional and regard 
the cell concert as expressing 4 pervasive type of spaton 
temporal orgenizatis wish may character an crpeme 
art or a whol, and of which the ctologieal and metabolic 
aspect are two different aspects reached by different modes of 
tCuaracion. “Thin if we ont the bacterin level of organ 
{ektion below which the “cht of ie” ever fale 9 mk 
fs gente continty a greserved, but which, chracteriace 
‘att ecpusame iter thoughout tbe Rta, or daring the 
favtee periods of every thytomical repeat) Moreover i 
the doctine of evoltion av an epigenetic proces Is toe (hls 
tas beer the type of crganiatson open tempat repeat. 
9 and tepora difeertintion cf which every eval 
fry athirveent salmequent to it tan depended, It than 
‘Grea ibe membre ene th mot pres and 
“versatile” types of organization world, 
‘These, then, are some of the contributions which modern 
‘hought Bas 6 mae to bilogy. “Bet tbey cannot beetle 
tule biclgsts are prepared to undertake something in Tbe 
‘ature ofan nilectaa! ocktaking. ad tix. forthe reasons 
{Bven in Chapter TV, Section) is tial and pictal—mach 
{bore paint) than having » tooth extracted became it cannot 
be dome by anyone dae and it canpot be dove ander an an 
‘thetic, What biology requires is « better ventilation of its 
Aowight and a more cite sectiny a ite concepts ore 
jpenmindedness at woe eared conaieraton ef the relation 
Setween investigation and thecetial interpretation. But 

















‘mutxim upon which physica sas founded. You most think 
int and sAew ry. And you mast think about tbe right things, 
In Vology we require to think primarily about biclogical 
facts, not ebout hypotbetical biBinrd balla. But eves thinking 








developement 
fof all ta three aspects-—the investigatory, the epeculative 
and the critical. Ta biology the most advanoed at present is 
the investigatory aspect. Its speculative aspect hap been 


overshadowed by ootions uncrticaly borrowed from extra- 
biclogical sources. Bat the asrumulation of data, aod the 
se bf bypotheses borrowed from elsewhere Is not enough, 
‘Wa need to give some attention to vse meglected critical 
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makes u fool of the investigator is the saving grace of the 
tie Accordingly. if we are to develop this aspect of bie- 
logical ingiry, provision ought to be made fr the belp and 
encouragement of heae students whose gills 2nd inclinations 
Iie in that direction When, thereloce, Pro, Wison say 
that" Krowindge wil be advanced rast surly by asm 
‘ng hat the problenea of the cell cam be solved by converging 
Uupao them all our forces of observation and experiment 
he omits one important ingredient, namely thought, Aid 
vwodee thought F include not only ertial penetration but also 
creative imagination 
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